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{57] ABSTRACT

A battery powered hand-held calculator is disclosed
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function for converting units from one system to the
other; a degrees-minutes-seconds conversion function

. for converting angles or units of time from degrees-

minutes-seconds to the decimal system and conversely.
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FLOW DIAGRAM OF DISPLAY WAIT LOOP
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GENERAL PURPOSE CALCULATOR HAVING
SELECTIVE DATA STORAGE, DATA
CONVERSION AND TIME-KEEPING

CAPABILITIES

CROSS-REFERENCE TO RELATED APPLICATION

This application is a division of U.S. pat. application,
Ser. No. 364,570 entitled “Improved Scientific Calcu-
lator” filed by Peter D. Dickinson, et al. on May 29,
1973 now abandoned in favor of continuation applica-
tion Ser. No. 566,143 entitled “General Purpose Cal-
culator Having Selective Data Storage, Data Conver-
sion and Time-Keeping Capabilities” filed by Peter D.
Dickinson et al. on Apr. 8, 1975.

BACKGROUND AND SUMMARY OF THE
INVENTION

This invention relates generally to calculators and
improvements therein and more particularly to non-
programmable scientific calculators. While many prior
art calculators can perform some complex calculations
involving more than one mathematical function or
operation several even redundant keystrokes are usu-
ally required. The preferred embodiment of the present
invention is capable of performing mathematical oper-
ations necessary to convert from one unit of measure to
another with a minimum of keystokes and without the
user having to look up the appropriate factor to enter
into the calculator to perform the conversion.

A calculator having the features of the preferred
embodiment of the present invention incorporates eas-
ily accessible conversion factors to convert measure-
ments in inches to centimeters, in gallons to liters and
in pounds to kilograms. In addition, the calculator in-
corporates a conversion function for converting de-
grees-minutes-seconds (D MS) to decimal degrees,
radians or grads. These conversions and their converse
accurate to ten digits are initiated by actuation of only
three keys on the keyboard and without having to enter
the appropriate conversion factors via the keyboard.
To preserve readout accuracy when converting from
decimal degrees to D MS units the calculator automati-
cally displays the answer in fixed point notation with
four digits after the decimal point (“‘fixed-4" notation)
regardless of the display format entered or otherwise
specified by the user.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view of a scientific calculator accord-
ing to the preferred embodiment of the invention.

FIG. 2 is a block diagram of the calculator of FIG. 1.

FIG. 3 is a waveform diagram illustrating the timing
sequence of the interconnecting busses and lines of
FIG. 2.

FIG. 4 is a block diagram of the control and timing
circuit of FIG. 2.

FIG. 5 is a more detailed block diagram of the key-
board scanning circuitry of FIG. 4.

FIG. 6 is a block diagram of one of ROM’s 0-7 of
FIG. 2.

FIG. 7 is a waveform diagram illustrating a typical
address signal and a typical instruction signal.

FIG. 8 is a timing diagram illustrating the important
timing points for a typical addressing sequence.

FIG. 9 is a waveform diagram illustrating the word
select signals generated in the control and timing cir-
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2
cuit of FIGS. 2 and 4 and in ROM’s 0-7 of FIGS. 2 and
6.

FIG. 10 is a block diagram of the arithmetic and
register circuit of FIG. 2.

FIG. 11 is a path diagram of the actual data paths for
the registers A-F and M of FIG. 10.

FIG. 12 is a waveform diagram illustrating the output
signals for the display decoder outputs A-E of FIGS. 2,
10, and 11.

FIG. 13 is a waveform diagram illustrating the actual
signals on the display decoder outputs A-E of FIGS. 2,
10, and 11 when the digit 9 is decoded.

FIG. 14 is a waveform diagram illustrating the timing
of the START signal generated by the display decoder
of FIG. 10.

FIG. 15 is a schematic diagram of the clock driver of
FIG. 2.

FIG. 16 is a waveform diagram illustrating the timing
relationship between the input and output signals of the
clock driver of FIG. 15.

FIG. 17 is a logic diagram of the anode driver of FIG.
2

* FIG. 18 is a waveform diagram illustrating the timing

relationship between the input, output, and other sig-
nals of the anode driver of FIG. 17.

FIG. 19 is a schematic diagram of the basic inductive
drive circuit for one of the LED’s employed in the LED
display of FIG. 2.

FIG. 20 is a waveform diagram illustrating the timing
relationship between the decimal point drive signals for
the LED display of FIG. 2.

FIG. 21 is a schematic diagram of the inductive drive
circuit for one digit in the LED display of FIG. 2.

FIG. 22 is a logic diagram of the cathode driver of
FIG. 2. v

FIG. 23 is a top view of a metal strip employed in the
keyboard input unit of FIGS. 1 and 2.

FIG. 24 is a side view of the metal strip of FIG. 23.

FIG. 25 is a force-deflection curve for a typical key in
the keyboard input unit of FIGS. 1 and 2.

FIG. 26 is a schematic diagram of the LED display of
FIGS. 1 and 2 and the inductive drive circuits therefor.

FIG. 27 is a schematic diagram of one segment of the
LED display of FIG. 26.

FIG. 28 is an equivalent piecewise-linear model for
the circuitry of FIG. 27. :

FIG. 29 is a waveform diagram illustrating the induc-
tor current and LED anode voltages in the circuitry of
FIG. 27.

FIG. 30 is a path diagram illustrating the possible
transfer paths between ROM’0-7 of FIG. 2.

FIG. 31 is a flow diagram of the display wait loop
employed in the calculator of FIGS. 1 and 2.

FIG. 32 is a flow diagram of the Last-X function of
the calculator of FIGS. 1 and 2.

FIG. 33 is a flow diagram of the metric-U.S. conver-
sion constant function of the calcuator of FIGS. 1 and
2.

FIG. 34 is a flow diagram of the conversion function
between the decimal system and the degrees, minutes,
and seconds system of the calculator of FIGS. 1 and 2.

FIG. 35 is a flow diagram showing the keys to be
operated in performing functions when the calculator
of FIGS. 1 and 2 is in the clock mode.

FIG. 36 is a flow diagram of the program clock of the
calculator of FIGS. 1 and 2 showing loops depicting
hundredths of a second, seconds, minutes and hours.
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3
FIG. 37 isa flow diagram_of the:factorial function of
the calculator of FIGS. 1 and 2.

DESCRIPTION OF THE PREFERRED _
.EMBODIMENT

System Architecture
Referrmg to FIGS. 1 and 2, there is shown a pocket-

size electronic calculator 10 including a keyboard mput '

unit 12 for entermg data and instructions into the ‘cal-
culator and a seven-segment LED output display unit

14 for displaying each data entry and the results of

calculations performed by the calculator. As shown in

FIG. 2, calculator 10 also includes an MOS control and

timing circuit 16, an MOS read-only memory circuit 18

(including ROM’s 0-7), an MOS arithmetic and regis-
ter circuit 20, a bipolar clock driver 22, a solid state

power supply unit 24 and an MOS auxiliary data stor-'

age circuit 25.

The four MOS circuits are two-phase dynamic MOS/-
LSI circuits with low thresholds allowing compatibility
with TTL bipolar circuits and allowing extremely low-
power operation (less than 100 milliwatts for all three
circuits). They are organized to process 14-digit BCD
words in a digit-serial, bit-serial manner. The maximum
bit rate or clock frequency is 200 kilohertz, which gives
a word time of 280 microseconds (permitting a floating
point addition to be compléted in 60 milliseconds).

Control and timing circuit 16, read-only memory
circuit 18, arithmetic'and register circuit 20, and auxil-
iary data storage circuit 25 are tied fogether by a syn-
chronization (SYNC) buss 26, an instruction (I,) buss
28, a word select (WS) buss 30, an instruction address
(1) line 32, and a carry lirie 34. All operations occur on
a 56 bit (by-bss) word cycle (fourteéen four-bit BCD
digits). The timing sequence for the mterconnectmg
busses dand lines 26-34 is shown in FIG. 3.

The SYNC buss 26 carries synchronization signals
from control and timing circuit 16 to ROM’s 0-7 in

read-only memory circuit 18 and to arithmetic and

register circuit 20 to synchronize the calculator system.
It provides one output each word time. This output also
functions as a 10-bit wide window (bys—bss) during
which 1, buss 28 is active. '

The 1, buss 28 carries 10-bit instructions from the
active ROM in ‘the read-only memory circuit 18 to the
other ROM’s, control and timing circiit 16, arithmetic
and register circuit 20, and auxiliary data storage cir-

cuit 25, each of which decodes the instructions locally

and responds to or acts upon them if they pertain
thereto and ignores them if they do not. For instance,
the ADD instruction affects “arithmetic and register
circuit 20 but is ignored by control and timing circuit
16. Similarly, the SET STATUS BIT 5 instruction sets
status flip-flop 5 in control and timing circuit 16 but is
ignored by arithmetic and ‘register circuit 20.

The actual implementation of an instruction’is de:

layed one'word time from its receipt. For example, an

instruction may require the addition of digit 2 in two of
the registers in arithmetic and register circuit 20. The
ADD instruction would be received by arithmetic and
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register circuit 20 during bit times by;5~bs, of word time -

N and the addition would &ctually occur during bit
times by — b;, of word time N + 1. Thus, while one
instruction is being executed the next mstructlon is
being fetched.

The WS buss 30 carries an enable signal from control
and timing circuit 16 or one of the ROM’s'in read-only
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memory circuit 18 to arithmetic and register circuit 20
to enable the instruction being executed thereby. Thus,
in the example of the previous paragraph, addition
occurs onlyduring digit 2 since the adder in the arith-

‘metic and register circuit 20 is enabled by WS buss 30
-only during this portion of the word. When WS buss 30

is'low, the contents of the registers in arithmetic and

-register circuit 20 are recirculated unchanged. Three

examples of WS timing sngnals are:shown in FIG. 3. In
the first example, digit 2 is selected out of the entire
word:-In the second example, the last 11.digits are
selected. This corresponds to the mantissa portion of a
floating point- word format. In the third example, the
entire word is selected. Use of the word select feature
allows selective addition, transfer, shifting or compari-
son of portions of the registers within arithmetic and
register ‘circuit 20 with only one basic ADD, TRANS-
FER, SHIFT, or COMPARE instruction. Some custom-
ization in the ROM word select fields is available via
masking options.

The 1, line 32 serially carries the addresses of the
instructions to be read from ROM’s 0-7. These ad—_
dresses originate from control and timing circuit 16,
which contains an instruction address register that is
incremented each word time unless a JUMP SUBROU-
TINE or a BRANCH instruction is being executed.
Each address is transferred to ROM’s 0-7 during bit
times byg—bes and is stored in an address register of each
ROM. However, only one ROM is active at a time, and

‘only the active ROM responds to an address by output- -

ting an instruction on the I line 28. Control is trans-
ferred between ROM’s by a ROM SELECT instruction.
This technique allows a single eight-bit address, plus
eight special instructions, to address up to elght ROM’s
of 256 words each.

The carry liné 34 transmits the status of the carry
output of the adder in arithmetic and register circuit 20
to control and timing circuit 16. The control and timing
circuit uses this information to make conditional
branches, dependent upon the numerical value of the
contents of the registers in anthmetlc and register cir-
cuit 20. :

A BCD input/output line 35 interconnects the auxil-
jary data storage circuit 25 and the C register of arith-
metic and register circuit 20. This line always outputs
the contents of the C register of arithmetic and register
circuit 20 unless a specific instruction to input to the C
register of the arithmetic and register circuit is being
executed. »

Control and timing circuit 16 is organized to scan a
five-by-eight matrix of switches in ‘search of an inter-
connection that designates actuation of a key. Any type
of metal-to-metal contact may be used as a key.
Bounce probléms are overcome by programmed lock-
outs in the key entry routine. Each key has an asso-
ciated six-bit code.

A power on circuit 36 in power supply unit 24
supplies a signal forcing the calculator to start up ina
known ‘condition when power is supplied thereto.
Power is supplied to the calculator when the on-off
switch of keyboard input unit 12 (see FIG. 1) is moved
to the on position.

The primary outputs of the calculator are five output
lines 38 connected bétween a display decoder of arith-
metic and register circuit 20 and an anode driver of
output display unit 14. Data for a séven-segment dis-
play plus a decimal point is time-muitiplexed onto these
five output lines. A start line 40 is connected from the
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display decoder of arithmetic and register circuit 20 to
the auxiliary data storage circuit 25 and a cathode
driver of output display unit 14 and indicates when the
digit O occurs.

Control and Timing Circuit

Referring now to FIG. 4, control and timing circuit
16 contains the master system counter 42, scans the
keyboard 12, retains status information about the sys-
tem or the condition of an algorithm, and generates the
next ROM address. It also originates the subclass of
Word Select signals which involve the pointer 44, a
four-bit counter that points to one of the register digit
positions. -

The control unit of control and timing circuit 16 is a
microprogrammed controller 46 comprising a 58 word
25 bits per word) control ROM, which receives quali-
fier or status conditions from throughout the calculator
and sequentially outputs signals to control the flow of
data. Each bit in this control ROM either corresponds
to a signal control line or is part of a group of N bits
encoded into 2¥ mutually exclusive control lines and
decoded external to the control ROM. At each phase 2
clock, a word is read from the control ROM as deter-
mined by its present address. Part of the output is fed
back to become the next address. '

Several types of qualifiers are checked. Since most
commands are issued only at certain bit times during
the word cycle, timing qualifiers are necessary. This
means the control ROM may sit in a wait loop until the
appropriate timing qualifier comes true, then move to
the next address to issue a command. Other qualifiers
are the state of the pointer register, the PWO (power
on) line, the CARRY flip flop, and the state of each of
the 12 status bits.

Since the calculator is a serial system based on a 56
bit word, a six-bit system counter 42 is employed for
counting to 56. Several decoders from system counter
42 are necessary. The SYNC signal is generated during
bit times by—~Bs, and transmitted to all circiuts in the
system (see FIG. 3). Other timing qualifiers are sent to
the microprogrammed control ROM 46 as mentioned
in the previous paragraph.

System counter 42 is also employed as a keyboard
scanner as shown in FIG. 5. The most significant three
bits of system counter 42 go to a one-of-eight decoder
48, which sequentially selects one of the keyboard row
lines 50. The least significant three bits of the system
counter count modulo seven and go to a one-of-eight
multiplexor 52, which sequentially selects one of the
keyboard column lines 54 (during 16 clock times no
key is scanned). The multiplexor output is called the
key down signal. If a contact is made at any intersection
point in the five-by-eight matrix (by depressing a key),
the key down signal will become high for one state of
system counter 42 (i.e., when the appropriate row and
column lines are selected). The key down signal will
cause that state of the systern counter to be saved in
key code buffer 56. This six-bit code is then transferred
to the ROM address register 58 and becomes a starting
address for the program which services the key that was
down (two leading 0 bits are added by hardware so an
eight-bit address exists). Thus, during each state of
system counter 42, the decoder-multiplexor combina-
tion 48 and 52 is looking to see if a specific key is down.
If it is, the state of the system counter becomes a start-
ing address for execution of that key function (noted
that 16 of the 56 states are not used for key codes). By

6

sharing the function of the system counter and using a
keyboard scanning technique directly interfaced to the
MOS circuitry, circuit complexity is reduced signifi-
cantly.

A 28 bit shift register which circulates twice each 56
bit word time, is employed in control and timing circuit
16. These 28 bits are divided into three functional

" groups: the main ROM address register 58 (eight bits),
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the subroutine return address register 60 (eight bits),
and the status register 62 (12 bits).

THe main ROM’s 0-7 each contain 256 (10 bit)
words, thereby requiring an eight-bit address. This
address circulates through a serial adder/subtractor 64
and is incremented during bit times b,—~bs, (except in
the case of branch and jump-subroutine instructions for
which the eight bit address field of the ten-bit instruc-
tion is substituted for the current address). The next
address is transmitted  over the I, line 32 to each of the
main ROM’s 0-7 during bit times b;g—byg.

The Status register 62 contains 12 bits or flags which
are used to keep track of the state of the calculator.
Such information as whether the decimal point has

.been hit, the minus sign set, etc. must be retained in the

status bits. In each case the calculator remembers past
events by setting as appropiate status bit and asking
later if it is set. A yes answer to a status interrogation
will set the carry flip-flop 66 as indicated by control
signal IST in FIG. 4. Any status bit can be set, reset, or
interrogated while circulating through the adder 64 in
response to the appropriate instruction.

The instruction set allows one level of subroutine
call. The return address is stored in the eight-bit return
address register 60. Execution of a JUMP subroutine
stores the incremented present address into return
address register 60. Execution of the RETURN instruc-
tion retrieves this address for transmission over 1, line
32. Gating is employed to interrupt the 28 bits circulat-
ing in the shift register 58—62 for insertion of addresses
at the proper time as indicated by the JSB control sig-
nal in FIG. 4.

An important feature of the calculator system is the
capability of select and operate upon a single digit or a
group of digits (such as the exponent field) from the 14
digit registers. This feature is implemented through the
use of a four-bit pointer 44 which points at the digit of
interest. Instructions are available to set, increment,
decrement, and interrogate pointer 44, The pointer is
incremented or decremented by the same serial adder/-
subtracter 64 used for addresses. A yes answer to the
instruction “is pointer # N will set carry flip-flop 66
via control signal IPT in FIG. 4.

The word select feature was discussed above in con-
nection with FIGS. 2 and 3. Some of the word select
signals are generated in control and timing circuit 16,
namely those dependent on pointer 44, and the remain-
der in the main ROM’s 0-7. The pointer word select
options are (1) pointer position only and (2) pointer
position and all less significant digits. For instance,
assume the mantissa signs of the numbers in the A and
C registers of arithmetic and register circuit 20 were to
be exchanged. The pointer would be set to position 13
(last position) and the A EXCHANGE C instruction
with a “pointer position” word select field would be
given. If all of the word except the mantissa signs were
to be exchanged, the A EXCHANGE C instruction
would be given with the pointer set and 12 and the
word select field set to pointer and less significant dig-
its. The control and timing circuit word-select output
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30 is or-tied with the ROM word-select output 30 and
transmitted to arithmetic and register circuit 20.

Any carry signal out of the adder in arithmetic and
register circuit 20, with word select, also high, will set
carry flip-flop 66. This flip-flop is interrogated during
the BRANCH instruction to determine if the existing
address should be incremented (yes carry) or replaced
by the branch address (no carry). The branch address
is retained in an eight-bit address buffer 68 and gated to
I, line 32 by the BRH control signal.

The power-on signal is used to synchronize and pre-
set the starting conditions of the calculaor. It has two
functions, one of which is to get the address of control
ROM 46 set to a proper starting state and the other of
which is to get the system counter 42 in control and
timing circiut 16 synchronized with the counter in each
main ROM 0-7. As the system power comes on, the
PWO signal is held at logic 1 (0 volts in this system) for
at least twenty milliseconds. This allows system counter
42 to make at least one pass through bit times bys—bs4
when SYNC is high thereby setting main ROM 0 active
and the rest of the ROM’s inactive. When PWO goes to
logic 0 (+6 volts), the address of control ROM 46 is set
to 000000 where proper operation can begin.

READ-ONLY MEMORY CIRCUIT

The ROM’s 0-7 in read-only memory circiut 18 store
the programs for executing the functions required of
the system. Since each ROM contains 256 ten-bit
words, there are 1,536 words or 15,360 bits of ROM. A
block diagram of each of the ROM’s 0-7 is shown in
FIG. 6.

The basic operation of each ROM is a serial-address
in, a serial-instruction out. During every 56 bit word
time the address comes in, least significant bit first from
bit b;g through bit bys. Every ROM 0-7 in the system
receives this same eight-bit address and from bit time
bys through b, tries to output onto I, line 28. However,
a ROM enable (ROE) flip-flop 70 in each ROM insures
that no more than one ROM actually sends an instruc-
tion on I line 28 at the same time.

All output signals are inverted so that the steady-state
power dissipation is reduced. The calculator circiuts
are P-channel MOS. Thus, the active signals that turn
on a gate are the more negative. This is referred to as
negative logic, since the more negative logic level is the
logic 1. As mentioned above, logic 0 is +6 volts and
logic 1 is O volts. The signals on I, and I; are normally
at logic 0. However, when the output buffer circuits are
left at logic 0 they consume more power. A decision
was therefore made to invert the signals on the I, and I;
outputs and re-invert the signals at all inputs. Thus,
signals appear at the I, and I, outputs as positive logic.
The oscilloscope pattern that would be seen for instruc-
tion 1101 110 011 from state 11 010 101 is shown in
FIG. 8.

The serial nature of the calculator circiuts requires
careful synchronization. This synchronization is pro-
vided by the SYNC pulse, generated in control and
timing circuit 16 and lasting for bit times b,s—bs4. Each
ROM has its own 56 state counter 72, synchronized to
the system counter 42 in control and timing circuit 16.
Decoded signals from this state counter 72 open the
input to the address register 74 at bit time by, clock I
out at bit time by and provide other timing control
signals.
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As the system power comes on, the PWO signal is
held at O volts (logic 1) for at least 20 milliseconds. The
PWO signal is wired (via a masking option) to set ROM
Output Enable (ROE) flip-flop 70 on main ROM 0 and
reset it on all other ROM’s. Thus when operation be-

-gins, ROM 0 will be the only active ROM. In addition,

control and timing circuit 16 inhibits the address out-
put start-up so that the first ROM address will be zero.
The first instruction must be a JUMP SUBROUTINE to
get the address register 58 in control and timing circuit
16 loaded properly.

FIG. 7 shows the important timing points for a typical
addressing sequence. During bit times b;o—by¢ the ad-
dress is received serially from control and timing circuit
16 and loaded into address register 74 via I, line 32.
This address is decoded and at bit time b,, the selected
instruction is gated in parallel into the I; register 76.
During bit times bg—bs4 the instruction is read serially
onto I; buss 28 from the active ROM (i.e., the ROM
with the ROM enable flip-flop set).

Control is transferred between ROM’s by a ROM
SELECT instruction. Effectively this instruction will
turn off ROE flip-flop 70 on the active ROM and turn
on ROE flip-flop 70 on the selected ROM. Implementa-
tion is dependent upon the ROE flip-flop being a mas-
ter-slave flip-flop. In the active ROM, the ROM SE-
LECT instruction is decoded by a ROM select decoder
78 at bit time 44, and the master portion of ROE flip-
flop 70 is set. The slave portion of ROE flip-flop 70 is
not set until the end of the word bit time (bs5). In the
inactive ROM’s the instruction is read serially into the
I; register 76 during bit times bss—bs4 and then decoded,
and the ROE flip-flop 70 is set at bit time bgs in the
selected ROM. A masking option on the decoding from
the least significant three bits of the I, register 76 allows
each ROM to respond only to its own code.

The six secondary word-select signals are generated
in the main ROM’s 0-7. Only the two word-select sig-
nals dependent upon the POINTER come from control
and timing circuit 16. The word select of the instruc-
tion is retained in the word select register 80 (also a
master-slave). If the first two bits are 01, the instruction
is of the arithmetic type for which the ROM must gen-
erate a word select gating signal. At bit time by the
next three bits are gated to the slave and retained for
the next word time to be decoded into one of six sig-
nals. The synchronization counter 72 provides timing
information to the word select decoder 82. the output
WS signal is gated by ROE flip-flop 70 so only the
active ROM can output on WS line 30, which is OR-
tied with all other ROM’s and also control and timing
circuit 16. As discussed above, the WS signal goes to
arithmetic and register circiut 20 to control the portion
of a word time an instruction is active.

The six ROM generated word select signals used in
the calculator are shown in FIG. 9. ROM’s 0-7 output
a 1 bit-time pulse on I buss 28 at bit time b,; to denote
the exponent minus sign time. This pulse is used in the
display decoder of arithmetic and register circuit 20 to
convert a 9 into a displayed minus sign. The time loca-
tion of this pulse is a mask option on the ROM.

Arithmetic and Register Circuit

Arithmetic and register circuit 20 shown in FIG. 10
provides the arithmetic and data storage function for
the calculator. It is controlled by WS, I, and SYNC
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lines 30, 28, and 26, respectively; receives instructions
from ROM’s 0-7 over the I; line 28; sends information
back to contro! and timing circuit 16 via the CARRY
line 34; partially decodes the display information be-
fore transmitting it via output lines 38 to the anode
driver of output display unit 14; and provides a START
pulse to the cathode driver of output display unit 14 to
synchronize the display.

Arithmetic and register circuit 16 contains seven,
fourteen-digit (56 bit) dynamic registers A-F and M
and a serial BCD adder/subtractor 84. Actual data
paths, not shown in FIG. 10 due to their complexity,
are discussed below and shown in FIG. 11. The power
and flexibility of an instruction set is determined to a
great extent by the variety of data paths available. One
of the advantages of a serial structure is that additional
data paths are not very costly (only one additional gate
per path). The structure of arithmetic and register
circuit 20 is optimized for the type of algorithms re-
quired by the calculator.

The seven registers A-F and M can be divided into
three groups: the working registers A, B, and C with C
also being the bottom register of a four-register stack;
the next three registers D, E, and F in the stack; and a
separate storage register M communicating with the
other registers through register C only. In FIG. 11,
which shows the data paths connecting all the registers
A-F and M, each circle represents the 56 bit register
designated by the letter in the circle. In the idle state
(when no instruction is being executed in arithmetic
and register circuit 20) each register continually circu-
lates since with dynamic MOS registers information is
represented by a charge on a parasitic capacitance and
must be continually refreshed or lost. This is repre-
sented by the loop re-entering each register.

Registers A, B, and C can all be interchanged. Either
register A or C is connected to one adder input, and
either register B or C to the other. The adder output
can be directed to either register A or C. Certain in-
structions can generate a carry via carry flip-fifp 85
which is transmitted to control and timing circuit 16 to
determine conditional branching. Register C always
holds a normalized version of the displayed data.

In the stack formed by registers C, D, E, and F a
ROLL DOWN instruction is executed by the following
transfers: F> E— D— C > F. A'STACK UP in-
struction is executed by the following transfers: ¢,
C - D~ E — F. Thus, it is possible to transfer a
register and also let it recirculate so that in the last
example the contents of C are not lost. The structure
and operation of a stack such as this are further de-
scribed in copending U.S. patent application Ser. No.
257,606 entitled IMPROVED PORTABLE ELEC-
TRONIC CALCULATOR, filed on May 30, 1972, by
David S. Cochran et al, and issued as U.S. Pat. No.
3,781,820 on Dec. 25, 1973.

In serial decimal adder/substractor 84 a correction
(addition of 6) to a BCD sum must be made if the sum
exceeds nine (a similar correction for subtraction is
necessary). It is not known if a correction is needed
until the first three bits of the sum have been generated.
This is accomplished by adding a four-bit holding regis-
ter 86 (Ag—As;) and inserting the corrected sum into a
portion 88 (A;«Asz) of register A if a carry is gener-
ated. This holding register 86 is also required for the
SHIFT A LEFT instruction. One of the characteristics
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of a decimal adder is that non-BCD codes (i.e. 1101)
are not allowed. They will be modified if circulated
through the adder. The adder logic is minimized to save
circuit area. If four bit codes other than 0000-1001 are
processed, they will be modified. This is no constraint
for applications involving only numeric data (however,
if ASC11 codes, for instance, are operated upon, incor-
rect results will be obtained).

Arithmetic and register circuit 20 receives the in-
struction during bit times bss—bss. Of the ten types of
instructions hereinafter described, arithmetic and reg-
ister circuit must respond to only two types (namely,
ARITHMETIC & REGISTER instructions and DATA
ENTRY/DISPLAY instructions). ARITHMETIC &
REGISTER instructions are coded by a 10 in the least
significant two bits of I, register 90. When this combi-
nation is detected, the most significant five bits are
saved in I, register 90 and decoded by instruction de-
coder 92 into one of 32 instructions.

The ARITHMETIC & REGISTER instructions are
active or operative only when the Word Select signal
(WS) generated in one of the ROM’s 0-7 or in control

- and timing circuit 16 is at logic 1. For instance, suppose

the instruction “A+C — C, mantissa with sign only” is
called. Arithmetic and register circuit 20 decodes only
A+C — C. It sets up registers A and C at the inputs to
adder 84 and, when WS is high, directs the adder out-
put to register C. Actual addition takes place only dur-
ing bit times by; to bss (digits 3-13) since for the first
three digit times the exponent and exponent sign are
circulating and are directed unchanged back to their
original registers. Thus, the word select signal is an
“instruction enable” in arithmetic and register circuit
20 (when it is at logic 1, instruction execution takes
place, and when it is at logic 0, recirculation of all
registers continues).

The DATA ENTRY/DISPLAY instructions, except
for digit entry, affect an entire register (the word select
signal generated in the active ROM is at logic | for the
entire word cycle). Some of these instructions are: up
stack, down stack, memory exchange M«—C, and dis-
play on or toggle. A detailed description of their execu-
tion is given hereinafter.

For increased power savings display decoder 94 is
partitioned to partially decode the BCD data into seven
segments and a decimal point in arithmetic and register
circuit 20 by using only five output lines (A-E) 38 with
time as the other parameter. Information for seven
segments (a—g) and a decimal point (dp) are time
shared on the five output lines A-E. The output wave
forms for output lines A—E are shown in FIG. 12. For
example, output line D carries the segment e informa-
tion during T, (the first bit time of each digit time) and
the segment D information during T, (the second bit
time of each digit time); and output E carries the seg-
ment G information during T, , the segment F informa-
tion during T, , and the decimal point (dp) during T, .
The actual signals which would appear if a digit 9 were
decoded are shown in FIG. 13. The decoding is com-
pleted in the anode driver of output display unit 14 as
explained hereinafter.

The registers in arithmetic and register circuit 20
hold 14 digits comprising 10 mantissa digits, the man-
tissa sign, two exponent digits, and the exponent sign.
Although the decimal point is not allocated a register
position, it is given a full digit position in the output
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display. This apparent inconsistency is achieved by
using both the A and B registers to hold display infor-
mation. The A register is set up to hold the displayed
number with the digits in the proper order. The B regis-
ter is used as a masking register with digits 9 inserted
for each display positiion that is to be blanked and a
digit 2 at the decimal point location. When the anode
driver of output display unit 14 detects a decimal point
code during' T4, it provides a signal to the cathode
driver of the output display unit to move to the next
digit position. One digit and the decimal point share
one of the 14 digit times. The digit 9 mask in register B
allows both trailing and leading zeros to be blanked
(i.e., by programming 9’s into the B register). Use of all
three working registers for display (i.e., the C register
to retain the number in normalized form, the A register
to hold the number in the displayed form, and the B
register as a mask) allows the calculator to have botha
floating point and a scientific ‘display format at the
expense of only a few more ROM states.

The display blanking is Handled as follows. At time:

T4 the BCD digit is gated from register A into display
buffer 96. If this digit is to be blanked, register B will
contain a 9 (1001) so that at T4 the end bit (Bo1) of the B
register will be a 1 (an 8 would therefore also work).
The input to display buffer 96 is OR-ED 'with Bo; and
will be set to 1111 if the digit is to be blanked. The

decimal point is handled in a similar way. A 2 (0010) is

placed in register B at the decimal point location. At
time T the decimal point buffer flip-flop is set by By,.
Any digit with a one in the second position will set the
decimal point (i.e, 2, 3, 6, or 7). < '

Display decoder 94 also applies a START signal to
line 40. This signal is a word synchronization pulse,
which resets the digit scanner in the cathode driver of
putput display unit 14 to assure that the cathode driver
will select digit 1 when the digit 1 information is on
outputs A, B, C, D, and E. The timing for this signal is
shown in FIG. 14.

One other special decoding feature is required. A
minus sign is represented in tens complement notation
or sign and magnitude notation by the digit 9'in the sign
location. However, the display must show only a minus
sign (i.e., segment g). The digit 9 in register A in digit
position 2 (exponent sign) or position 13 (mantissa sign)
must be displayed as minus. The decoding circuitry
uses the pulse on I buss 28 at bit time b1, (see FIG. 3)
to know that the digit 9 in digit position 2 of register A
should be a minus and uses the SYNC pulse to know
that the digit 9 in digit position 13 of register A should
also be a minus. The pulse on I buss 28 at bit time b1,
can be set by a mask option, which allows the minus
sign of the exponent to appear in other locations for
other uses of the calculator circuits.

Clock Driver

The bipolar clock driver 22, one phase of which is
shown in FIG. 15, requires less than 25 milliwatts and

can drive loads up to 300 picoforads with a voltage
swing of +7 to — 14 volts. An ENABLE input 98

allows both outputs Q; and Q. to be held to Ve, the
MOS Logic O state. This is an effective means of
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strobing the clock: During dc operation, the transistor
pair Q1-Q: allows only one of the output transistor
pairs Qs-Qs or Q;-Qs to conduct. Diode Ds prohibits
conduction from- transistor Qg to transistor Qs during
transient operation.' Thus, the only possible transient
short circuit current must flow from transistor Qs to
transistor Q7. However, the limited current handling
capability of Qs (a lateral PNP) limits this current to .
less than 5 milliamps peak. The input signals for clock
driver 22 are generated on the anode driver of output
display unit 14, and the outputs of the clock driver go
to -gach of the MOS circuits in the system. The timing
relationships are shown in FIG. 16.

Anode Driver

As discussed above, the display information is par-
tially decoded in arithmetic and register circuit 20 and
completely decoded into seven segment plus decimal
point signals in the bipolar anode driver of output dis-
play unit 14. The anode driver also includes the basic
clock generator for the system and a circuit for detect-
ing low: battery .voltage to turn on all. the decimal
points. Such a circuit is shown and described in co-
pending U.S. patent application Ser. No. 206,407 enti-
tled LOW BATTERY VOLTAGE INDICATOR FOR
A PORTABLE DIGITAL ELECTRONIC INSTRU-
MENT, filed on Dec. 9,1971, by Thomas M. Whitney,
and now abandoned. A logic diagram of the anode
driver is'shown in FIG. 17.

The clock generator uses an external LC series cir-
cuit to set the oscillator frequency. The advantages of
an LC series circuit to set the frequency are: (1) the
components can be specified to up to 2% tolerance;
and (2) a crystal can be connected to the same external
pin to set the frequency to 0.001% for timing applica-
tions.

The square-wave oscillator frequency (all times in
this section will be referred to an 800 KHz oscillator
frequency, which translates to a 200 KHz clock for the
calculator, the actual frequency being somewhat less)
is divided by flip-flop BL to 400 KHz. Flip-flops B1 and
B2 are clocked off alternate phases of flip-flop Bl to
provide two 200 KHz square waves as shown in FIG.
18. Flip-flop B3 is clocked from flip-flop' B2 and in turn
clocks flip-flop B4 to provide further count-down of
the basic clock frequency. The two-phase clock signals
Q, and Q; are generated from flip-flops BL and B1 and
the 800 KHz oscillator 100. They are on for 625 nsec
and separated by 625 usec as shown in FIG. 18. One

* other periodic signal is derived in the anode driver.

Once each digit time a signal (counter-clock) is sent to
the cathode driver of output display unit 14 (the trail-
ing edge of this signal will step the display to the next
digit). ‘ ‘
The display consists of 15 characters while the basic
calculator word cycle consists of 14 digits. The extra
character is the decimal point. As explaind above, a
BCD two is placed in register B at the digit position of
the decimal point. The display decoder 94 in arithmetic
and register circuit 20 indicates this by a signal on
outputs B and E during bit time T, (see FIG. 12). When
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this condition is decoded by the anode drlver the dec1-

mal point is excited and an extra counter clock ‘signal i§”

given to step the display to the next position (see FIGS.
18, 19, and 20). Therefore all remaining digits'in regxs-
ter A are displaced one digit in the display.

FIGS. 19 and 20 show the simplified circuit and the
timing relationship for the decimal point. The timing is
critical since all the inductor current in segment b (the
last to be excited) must be decayed before the counter
clock signal is given to step to the next digit or the
remaining current would be discharged through the
wrong digit and a faint lighting of segment b on the
same digit with the decimal point would occur. The
decimal point insertion technique is the reason all other
seven segments are excited during the first half of the
digit time. The decimal point charging time is one-half
that of the other segments. The decimal point segment
gets the same current in one-half the time and is one-
half as bright as the other segments.

An inductive circuit method of driving the light-emit-
ting diodes is employed. Basically the method involves
using the time it takes current to build up in an inductor
to limit current, rather than using a resistor as is nor-
mally done with LED read-outs. This saves power since
the only lossy components in the drive system are the
parasitic inductor and transistor resistances. The drive
circuit for one digit is shown in FIG. 21. Assuming the
cathode transistor switch T, is closed, an anode switch
T, is closed for 2.5 usec allowing the current to build
up to a value I, along a nearly triangular waveform (the
early part of an exponential buildup). When anode
switch T, is opened, the current is dumped through the
LED, decaying in about 5 usec. The anodes are strobed
according to the sequence in FIG. 18. The primary
reason for sequentially exciting the anodes is to reduce
the peak cathode transistor current. Since the decay
time is approximately twice the buildup time, it works
out that the peak cathode current is about 2.5 times the
peak current in any segment. The LED’s are more
efficient when excited at a low duty cycle. This means
high currents for short periods (80 ma. anode current,
250 ma. cathode current). FIG. 18 also shows the rela-
tionship between the anode strobing sequence and the
display output signals (A-E) from arithmetic and regls-
ter circuit 20.

Since the anode driver operates from the ba_ttery
voltage directly and drives the decimal point segment,
a circuit is provided that senses when the voltage drops
below a certain limit and thereupon turns on all deci-
mal points. An external pin is provided to connect a
trimming resistor to set the voltage where the indica-
tion is to occur.

Cathode Driver

The cathode driver of output display unit 14 com-
prises a 15 position shift register for scanning the 15
digit display once each word time. This scanning opera-
tion moves from digit to digit in response t6 counter
clock signals from the anode driver. Once each word
time a START signal arrives from arithmetic and regis-
ter circuit 20 to restart the procedure A block dlagram
is shown in FIG. 22.

Keyboard

The calculator employs a reliable, low-profile, low
cost keyboard with tactile feedback such as that shown
and described in copending U.S. patent application
Ser. No. 173,754 entitled KEYBOARD HAVING
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SWITCHES WITH TACTILE FEEDBACK and filed
on Aug. 23, 1971, by William W. Misson et al. The
keyboard employs ‘metal strips 102 with siots 104
etched or punched out as shown in FIG. 23, leaving an
area which can be stretched to form small humps as
shown in FIG. 24. The strips are spot welded to a
printed circuit board such that orthogonal traces run
under each hump. Pressing a key makes electrical
contact between one of the horizontal strips and the
corresponding vertical trace. The bounce is less than

‘one millisecond (the calculator contains a wait loop to

prevent double entries). Extensive life testing of the
keyboard indicates more than a million cycles can be
expected. Tolerances must be maintained carefully to
prevent the possibility that a key is depressed but no
contact is made and to"insure uniformity.

One of the main advantages of the keyboard is the
“over-center” or “fall away” feel. FIG. 25 shows a
force-deflection curve for a typical key. As can be seen
a force of about 100 grams must be exceeded before
the metal hump “breaks™ through. After this critical
value the operator cannot prevent contact from being

‘made. Similarly when the key is released, contact is

maintained until a critical value when the hump
bounces back. Again, past a critical point the operator
cannot prevent the key from releasing. This type of
action prevents a condition known as ‘“teasing” in
which a key is nearly depressed and slight movement
causes multiple entries. The point on the force deflec-
tion curve at which contact is made or released is most
desirably on the negative slope portion. In the calcula-
tor it is either there or exactly at the bottom (point A in
FIG. 25), but never on the final positive slope portion.

LED Display

As mentioned above, the inductive drive technique
employed for the LED display is inherently efficient
because there are no dissipative components other than
parasitic resistances and the forward voltage drop
across saturated transistor switches. An inductive
driver like that used in the calculator is shown and
described in copending U.S. patent application Ser.
No. 202,475 entitled LIGHT EMITTING DIODE
DRIVER, filed on Nov. 26, 1971, by Donald K. Miller,
and issued as U.S. Pat. No. 3,755,697 on Aug. 28,
1973.

The display circuitry used in the ca]culator is shown
in FIG. 26. It comprises an 8 X 15 array of LED’s in
which the eight rows are scanned by the anode driver
and the 15 columns by the cathode driver. The timing
for this scanning was discussed above. A simplified
circuit diagram for one segment is shown in FIG. 27.
The equivalent piecewise-linear circuit model is shown
in FIG. 28. An analysis of this model shows the induc-
tor current buildup and discharge to be nearly linear
for the parameters used in the calculator. The dis-
charge-time to charge-time ratio is approximately:

Ve— Vst _
Vat+ Vera

taiscnaroe

3.8—-0.1
1.6+0.2

Lenarge

"FIG. 29 shows the. mductor current for a basic calcu-
lator clock frequency of 175 KHz. The average LED
current can be calculated from the formula

Ave I, = pulse current X duty cycle
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-continued

16

instruction is either a subroutine jump or a conditional
branch as selected by the second bit, with eight bits left
for an address. The next largest set of instructions, the
arithmetic set, starts with a zero followed by a one
(right to left), leaving eight bits for encoded instruc-
tions. The ten different types of instructions, employed
by the calculator are shown in the table below. '

TABLE OF INSTRUCTION TYPES (X = DON'T CARE)

NAME FIELDS

_ (%_X €0 ma) 388 sec
175 Kz X 50
5
80) (5.88) (.175
= = 35
(2) (56) 735 ma
AVAILABLE
TYPE  INSTRUCTIQNS
1 256(ADDRESSES)
256(ADDRESSES)
2 2% 8
= 256
3 64
(37 used)
4 64
(30 used)
5 64
(20 used)
. 6 32
(11 used)
7 16
8 8
9 7

10 1

. 8
JUMP SUBROUTINE

[SUBROUTINE ADDRESS|[0 1]

[ei]

Iy 10

CONDITIONAL BRANCH

I BRANCH ADDRESS

5 3
ARITHMETIC/REGISTER
F)PF.RATION { worp || 0 |
CODE___|SELECT
4 2
STATUS OPERATIONS
100
Bl I LT
SET BIT N F=00
INTERROGATE N F =01
RESET N F=10
CLEAR ALL F=11 J (N=0000)
4 2
POINTER OPERATIONS
P T Flifioo]
SET POINTER TO P =00
INTERROGATE P F=10
DECREMENT P - _
INCREMENT P £ } P = XXXX
4 2
DATA ENTRY/DISPLAY
LOAD CONSTANT F=01

F=1X (N =XX01)

IS —>A

BCD INPUT TO C REG F=IX (N=XXII)
STACK INSTRUCTIONS F=10N=(-0)
AVAILABLE F =00
32
ROM SELECT, MISC.
SELECT ROM “N" F =00
KEYBOARD ENTRY F=10(N=XX0D)
EXTERNAL ENTRY (N = XX0)
SUBROUTINE RETURN F=01 (N = XXX)
g

RESERVED FOR

Xxxxltooooo]

3
XXX

PROGRAM STORAGE
MOS CIRCUIT
AVAILABLE

[1oooo000]

XxxJoooo0o00]

NO OPERATION (NOP)

looo oovooo0o0 |

The worst case display power (i.e., 13 8’s and two
minus signs) is about 110 milliwatts. FIG. 29 also shows
the ringing inherent with inductive drive.

Instruction Set

Every function performed by the calculator is imple-
mented by a sequence of one or more ten-bit instruc-
tions stored in ROM’s 0-7 of read-only memory circuit
18. The serial nature of the MOS calculator circuits
allows the instruction bits to be decoded from LSB to
MSB (right to left) serially. If the first bit is a one, the

60

65

There are two type | instructions, jump subroutine
and conditional branch. They are decoded only by
control and timing circuit 16. No word select is gener-
ated and all registers in arithmetic and register circuit
20 merely recirculate. The object of the jump subrou-
tine instruction is to move to a new address in the ROM
and to save the existing address (plus one) as a return
address. The last instruction in a subroutine must be a
RETURN to continue the program where it was left
previously.

As discussed above, control and timing circuit 16
contains a 20 eight-bit shift register 58-62 which holds
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the current eight-bit ROM address and also has eight
bits of storage for one return address (see FIG. 4).
During bit times by~bs4 the current ROM address flows
through the adder 64 and is incremented by one. Nor-
mally, this address is updated each word time. How-
ever, if the first two bits of the instruction, which arrive
at bit times by—bys are 10, the incremented current
address is routed to the return address portion 60 of the
20 eight-bit shift register and.the remaining eight bits of
the instruction, which are the subroutine address, are
inserted into the address portion 58. These data paths
with the JSB control line are shown in FIG. 4. In this
way the return address has been saved and the jump
address is ready to be transmitted to the ROM at bit
times b,q—b,¢ of the next word time.

The most frequently used instruction is the condi-
tional branch, which based upon data or system status
implements the decision-making capability of the cal-
culator. In the calculator system described here . this
instruction also functions as an unconditional branch.

The format of the branch instruction, as shown in the
instruction table above, is two ones followed by an
eight-bit branch address. The instruction is received at
bit times hy—by. The last eight bits of the instruction
are stored in the address buffer register 68 (see FIG. 4).
During the next word time the carry flip-flop 66 is
checked at bit time byy. If the carry flip-flop was set
during the previous word time, the current ROM ad-
dress is transmitted to ROM’s 0-7. If the carry flip-flop
was not set, the branch address is read from the address
buffer register 68 onto the I, buss 32 and loaded into
the ROM address register 74 (see FIG. 6). Thus, the
instruction is a BRANCH IF NO CARRY. There are
three ways the carry flip-flop 66 can be set: (1) by a
carry generated in the arithmetic and register circuit
20; (2) by a successful interrogation of the pointer
position; and (3) by a successful interrogation of one of
the 12 status bits. An example is given in the table
below.
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only if the sign is positive (i.e., was a zero), otherwise
execution continues at P+2.

Note that during word time N+1 the calculator did
nothing more than to select which of two addresses to
send next (all registers merely recirculate). To perform
a branch actually takes two word cycles to execute, one
to ask a question and set the carry flip-flop 66 if the
answer is YES, and the other to test if the CARRY
flip-flop was set and transmit the proper address. In
many cases the asking of the question is an arithmetic
operation (i.e., A+B — A) which must be performed
anyway. Then the branch takes only one extra instruc-
tion.

Contrary to most instruction sets, this set has no
unconditional branch instruction. However, since an
ordinary “jump” is one of the most used instructions,
the conditional branch is also used as an unconditional
branch or jump by insuring that the carry flip-flop 66 is
reset when an unconditional branch is desired. This is
the reason the sense of the conditional branch is
BRANCH ON NO CARRY. The carry flip-flop 66 is
reset during execution of every instruction except

.arithmetic (type 2) and interrogation of pointer or

status (types 3 and 4). Since only arithmetic and inter-
rogation instructions can set the carry flip-flop 66, the
constraint is not severe. The jump subroutine instruc-
tion can also be used as an unconditional branch if the
previous return address does not have to be saved. In
summary, conditional branch can be used as an uncon-
ditional branch provided the state of the carry flip-flop
66 is known to be reset (i.e., provided the conditional
branch does not follow an arithmetic or an interroga-
tion of pointer or status instruction).

Arithmetic and register (Type 2) instructions apply
to the arithmetic and register circuit 20 only. There are
32 arithmetic and register instructions divided into
eight classes encoded by the left-hand five bits of the
instruction. Each of these instructions can be combined
with any of eight word select signals to give a total

Example Conditional Branch Execution

ADDRESS RECEIVED INSTRUCTION SENT INSTRUCTION
WORD AT ROM BY ROM EXECUTED RESULT
N—1 P INCREMENT SIGN DIGIT — -
N P+1 CONDITIONAL BRANCH INCREMENT CARRY GENERATED
' TO ADDRESS Q SIGN DIGIT IF “A” REG. NEGATIVE
N+1 P+2 CONTENTS OF P+2 CONDITIONAL SEND P+2
BRANCH or
or or
Q CONTENTS OF Q SEND Q

A typical test condition is to determine the sign of a
number. Suppose at address P in the program a branch
to location Q is desired if the sign of A is positive, while
program execution is to continue if the sign is negative.
In the example given in the table above, the instruction
“increment the A register, word select of sign digit
only” is given at location P. During word time N—1 the
instruction is received by arithmetic and register circuit
20 and is executed at word time N (the same word time
when the CONDITIONAL BRANCH instruction is
received by control and timing circuit 16). If the sign of
A is negative, there will be a nine in the sign digit.
Incrementing this position will generate a carry and set
the carry flip-flop 66 in control and timing circuit 16.
Since the instruction is a branch if no carry is gener-
ated, the program execution will jump to location Q

55
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capability of 256 instructions. The 32 arithmetic and
register instructions are listed in the table below.

TABLE OF TYPE TWO INSTRUCTIONS

(in order of binary code)

CODE  INST CODE  INST
0 0000 O—-B 1 0000 A-B
0 0001 1 6001
o—>n BE—>>C
00010  A—C 10010 SHIFT C RIGHT
00011 C—1 10011 A-1
0 0100 10100 SHIFT B RIGHT
B—>C
G 0101 10101
0-C—>C C+C—>C
00110 10110 SHIFT A RIGHT
o—>C
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-continued

TABLE OF TYPE TWO INSTRUCTIONS-
(in order of binary code)

CODE INST CODE" ' INST

00111 O—C—-l——}C 1Ot O%AA

0 1000 SHIFT A LEFT l‘ 1000 A—-B—-}A

0 1001 A%B 11001 E E B
0 1010 A—C%C 1 1010 A:A

0101} (‘—I%C 11011 A—l—%A

0 11006 C%A I 1100 A+B—'>A ’
01101 o-C 1101 A : ‘ c

01110 A+C-9C 110 A+C-—>A
0111 C+l-—->C [INARE A+l-—>A.

KEY: A B.C, arc registers; emcans goes into; emcuns interchange

The eight classes of arithmetic and register instruc-
tions are:

1. Clear (3);

2. Transfer/Exchange (6);

3. Add/Subtract (7);

4. Compare (6);

5. Complement (2);

6. Increment (2);

7. Decrement (2); and

8. Shift (4). : o

There are three clear instructions. These instructions
are O — A, O— B, and O — C. They are implemented
by simply disabling all the gates entering the designated
register. Since these instructions can be combined with
any of the eight word select options, it is possible to
clear a portion of a register or a single digit.

There are six transfer/exchange instructions. These
instructionsare A - B,B—-C,C—-A,A<B,B-C,
‘and C « A. This variety permits data in registers A, B,
and C to be manipulated in many ways. Again, the
power of the instruction must be viewed in conjunction

with the word select option. Single digits can be ex-.

changed or transferred.

There are seven add/subtract instructions which use

the adder circuitry 84. Theyare A+C — C,A+B — A,
AxC— A, and C+C — C. The last instruction can be
used to divide by five. This is accomplished by first
adding the number to itself via C+C — C, multiplying
by two, then shifting right one digit, and dividing by 10.

The result is a divide by five. This is used in the square

root routine.

There are six compare instructions. These instruc-
tions are always followed by a conditional branch. They
are used to check the value of a register or a single digit
in a register and still not modify or transfer the con-
tents. These instructions may easily be found in the
type two instruction table above since there is no trans-
fer arrow present. They are: '

. 0-B (Compare B to zero);

. A-C (Compare A and C);

. C-1 (Compare C to one);

. 0-C (Compare C to zero);

. A-B (Compare A and B); and
. A-1 (Compare A to one).
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If, for example, it is desired to branch if B is zero (or
any digit or group of digits is zero as determined by
WS), the 0-B instruction is followed by a conditional
branch. If B was zero, no carry (or borrow) would be
generated and the branch would occur.The instruction

‘can be read: IF UV THEN BRANCH. Again it is

easy to compare single digits or a portion of a register
by appropriate word select options.

There are two complement instructions. The number
representation system in the calculator is sign and mag-
nitude notation for the mantissa, and tens complement
notation in the exponent field. Before numbers can be
substracted, the subtrahend must be tens-comple-
mented (i.e., 0—C — C). Other algorithms require the
nines complement (i.e., 0—C—1 — C).

There are four increment/decrement instructions
(twe of each). They are A+l — A and Cx1— C.

‘There are four shift instructions. All three registers
A, B, and C can be shifted right, while only A has a shift
left capability. The arithmetic and register instructions
set is summarized by class in the table below.

TABLE OF TYPE TWO INSTRUCTIONS
(divided by class)

Class Instruction Code
1) Clear 10111
0—>A
00001
O%B
00110
» o—>cC
2) Transfer/ 01001
: A—>B
Exchange . 00100
8 B~>C
01100
C—>A
11001
A1
10001
B€—>>C
11101
cE€E—>>A
3) Add/ 01110
A+C—>C
Subtract 01010
A—C-éc
11100
A+B—>A
11000
A-B—>>A
11110
A+C—=>A
11010
A-—C——>A
10101
CH+HC—=>A :
4) Compare O—B 00000
o—-C 01101
A—C 00010
A-B 10000
A—1 10011
‘ Cc-1 00011
5) Complement 00101
. P 0—C—>C
00111
0—C—-1—>C
6) Increment 111118
. A+l —>A
01111
C+1—>DC ;
7) Decrement ! 11011
, S A-1—>A
01011
C-1—>>C
8) Shift Sh A Right 10110
Sh-B Right 10100
Sh C Right 10010
Sh A Left 01000
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The 20 eight-bit register 58-62 in control and timing
circuit 16 contains 12 status bits or flags used to re-
member conditions of an algorithm or some past event
(e.g., the decimal point key has already been de-
pressed). These flags can be individually set, reset, or
interrogated or all bits can be cleared (reset simulta-
neously). The format for the status operation (type 3)
instructions given in the instruction types table above is
repeated below

TABLE OF STATUS INSTRUCTION DECODlNG

Bit‘No. | PR PR P I 1, I L1
FIELD N F 0 100
F INSTRUCTION
00 SET FLAG N
01 INTERROGATE FLAG N
10 RESET FLAG N
11

CLEAR ALL FLAGS (N=0000)

If status bit N is one when the instruction “interro-
gate N is executed, the CARRY flip-flop 66 in control
and timing circuit 16 will be set. The status bit will
remain set. Interrogate is always followed by a condi-
tional branch instruction. The form of the interrogation
is: “If status bit N=0, then branch”, or “If status bit
N # 1, then branch.” The reason for this negative ori-
entation is that all branches occur if the test is false
(i.e., CARRY flip-fop=0), a result derived from using
the conditional and unconditional branches as the same
instruction.

Status bit O is set when a key is depressed. If cleared
it will be set every word time as long as the key is down.

A four-bit counter 44 in control and timing circuit 16
acts as a pointer or marker to allow arithmetic instruc-
tions to operate on a portion of a register. Instructions
are available to set and interrogate the pointer at one of
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14 locations or to increment or decrement the present
position. The pointer instruction decoding is given in
the table below.

TABLE OF POINTER INSTRUCTION DECODING

BIT NO. 9876 54 3 210
FIELD P F 1 100

F INSTRUCTION

00 Set pointer to P

10 Interrogate if pointer at P

0l Decrement pointer

: P = XXXX

11 Increment pointer i.e. don’t care

As with the status interrogate instruction, the

CARRY f{lip-flop 66 is set if the pointer is at P when the
“pointer at P?” instruction is executed (as with status
interrogation, the actual question is in the negative
form: “IF P# N, THEN BRANCH ” or “IF P =
OTHER THAN N, THEN BRANCH™). This instruc-

tion would be followed by a conditional branch. In a

math routine the pointer allows progressive operation
on a larger and larger portion of a word. After each
iteration (cycle) through a loop, the pointer is decre-
mented (or incremented) and then tested for comple-
tion to force another iteration or a jump out of the
loop.

The data entry and display (type 5) instructions are
used to enter data into arithmetic and register circuit
20, manipulate the stack and memory registers, and
blank the display (16 instructions in this set are not
recognized by any of the existing circuits, and are
therefore available for other external circuits that
might be employed with other embodiments -of the
calculator). The table below contains a detailed decod-
ing of the data entry and display (type 5) instructions.

TABLE OF TYPE FIVE INSTRUCTION DECODING

(X = don’t care, which in this context
means the instruction does not depend
on this bit; either a | or a O here
will cause the same execution.)

[ A Il 000

Ll 4% I, I, INSTRUCTION
0000-—>l 111 0 O 16 Available instructions
N
10 0()00-91001 0 1| Enters 4 bit code N into
C Register at pointer position
(LOAD CONSTANT)
0 00 0 1 X Display Toggle
01 0 1 X Exchange Memory, C——>M—2>C
10 0 I X Up Stack, C—>C—>D—>E—2>F
8 11 0 1 X Down Stack, F—>F—>>E——>D—=>A
00 0 1 X Display OFF
01 0 1 X Recall Memory, M—=>M——>C
10 0 1 X Rotate Down, C—DF—E—>D—2>C
11 0 1 X Clear all registers O—>A,B.C,D.EF.M
1 X0 1 1 X 1,—>A register (56 bits)
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-continued
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TABLE OF TYPE FIVE INSTRUCTION DECODING
(X = dont care, which in this context
means the instruction does not depend
on this bit; either a 1 or a 0 here
will cause the same execution.)

[PRPR P PRPR |l 000

L, I; 1, INSTRUCTION

X BCD—=>C register (56 bits)

The first sct of 16 instructions (I;I; = 00) in this table

The remaining instructions in the type 5 instruction

15
are not used by any of the main MOS circuits. They decoding table include two affecting memory (Ex-
may be used by additional circuits or external circuitry change C<—M and Recall M — C), three affecting the
listening to the I, line such as may be employed with stack (Up, Down, and Rotate Down), one general
other embodiments of the calculator. . clear, one for loading register A from I, buss 28
The next instruction (151, = 01) in this table is called ,, (namely, I;1;1;=011), and one for loading register C
the LOAD CONSTANT (LDC) or DIGIT ENTRY from BCD (111). Neither of the two last-mentioned
instruction. The four bits in Iy — I will be inserted into instructions depends on bits I, Iy, or I,. The Iy - A
the C register at the location of the pointer, and the instruction is designed to allow a key code to be trans-
pointer will be decremented. This allows a constant, mitted from a program storage circuit to arithmetic and
such as 7 (pi), to be stored in ROM and transfered to , register circuit 20 for display. The entire 56 bits are
arithmetic and register circuit 20. To transfer a ten- loaded although only two digits of informaton are of
digit constant requires only 11 instructions (one to interest. The BCD — C instruction allows data input
preset the pointer). Several exclusions exist in the use to arithmetic and register circuit 20 from a data storage
of this instruction. When used with the pointer in posi- circuit or other external source such as might be em-
tion 13, it cannot be followed by an arithmetic and 5, ployed with other embodiments of the calculator.
register instruction (i.e., by Type 2 or 5 instructions as The ROM select and other type six instructions are
there arc problems in common use of the five-bit I, denoted by the pattern 10000 in instruction bits I, — L.
buffer 91 in arithmetic and register circuit 20). With The decoding table for these instructions is shown be-
P=12, LDC can be followed by another LDC but not by low.
TABLE OF TYPE SIX INSTRUCTION DECODING
Circuit
Affected b, I, I, 1, L, 1, 13 I, I 1, Instruction
ROM 0O 0 0 0 0 1 0 0 0 0 ROM select. One of 8 as specified
\l/ 6 0 1t 0 0 0 0 inbislo-7.
1 1 1 0 0 1 0 0 0 0
C&T X X X o0 1 1 0 0 O O Subroutine return
X X 0 1 0 1t 0 0 0 O Externalkeycodeentry to C&T
X X 1 1 0 1 0 0 0 0 Keyboard entry
DATA I X 0 1 1 1 0 0 0 0 Send Addressfrom C Register to
STORAGE Data Storage Circuit
0 i 1 i i 0 0 0 O Send Datafrom C Register
Auxiliary Data Storage Circuit
| BV | 1 1 1 1 0 0 0 SendDatafrom Auxiliary Data

Storage Circuit into C Register

any other type 2 or 5 instruction. When used with the
pointer in position 14, the instruction has no effect.
However, when P=12 and LDC is followed by a type 2
or 5 instruction, position 13 in register C is modified.
Loading non-digit codes (1010-—1111) is not allowed
since they will be modified passing through the adder.
The next set of instructions (I I; I, = 01X) in the type
5 instruction decoding table contains two display in-

structions and six stack or memory instructions. The -

display flip-flop in arithmetic and register circuit 20
controls blanking of all the LED’s. When it is reset, the
1111 code is set into the display buffer 96, which is
decoded so that no segments are on. There is one in-
struction to reset this flip-flop Iy I I; = 100) and an-
other to toggle it (000). The toggle feature is conve-
nient for blinking the display.

The ROM SELECT instruction allows transfer of
control from one ROM to another. Each ROM has a
masking option which is programmed to decode bits I

55 —I;. A Select ROM 3 instruction read from ROM 1 will
reset the ROE flip-flop 70 in ROM 1 and set the ROE
flip-flop 70 in ROM 3. The address is incremented in
control and timing circuit 16 as usual. Thus, if Select
ROM 3 is in location 197 in ROM 1, the first instruc-
tion read from ROM 3 will be location 198.

There are three ways to arrive at a desired address,
on a different ROM as shown in FIG. 30. In path AA’,
a transfer (via an unconditional branch or a jump sub-
routine) to an address one before the desired address
(L1) is executed in ROM N first. Then a ROM select M
is given. In BB', the opposite order is shown (first ROM
N select, then a transfer). Because the desired transfer
location (L1 or L2) may already be occupied by an

60
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instruction, a third possibility may be used that is less
efficient in states but does not depend on program
locations. A transfer to L3 is made, then a ROM select,
and then an additional transfer from L4 to the final
desired location. With this method, L3 and L4 are
overhead states.

Bits I¢gl; = 01 designate a subroutine return (RET).
There are eight bits of storage in the 20 eight-bit shift
register 58-62 of control and timing circuit 16 for re-
taining the return address when Jump Subroutine is
executed. This address has already been incremented
so execution of RET is simply a matter of outputting
the address on I, line 32 at bit times b,y-bys and also
inserting it into the ROM address portion 58 of the shift
register. It is also still retained in the return address
portion 60. .

A key code is entered into control and timing circuit
16 by depressing a key on the keyboard. A key depres-
sion is detected by a positive interrogation of status bit
0. During a computation the keyboard is locked out
because this status bit would ordinarily not be interro-
gated until return to the display loop. The actual key
depression saves the state of the system counter (which
is also the key code) in the key code buffer 56 (see
FIG. 4) and also sets status bit 0. Execution of the
KEYBOARD ENTRY instruction routes the key code
(6 bits) in the key code buffer 56 onto 1, line 32 and
into ROM address register 58 at bit times b;g—bq6. The
most significant two bits bss and by are set to zero so
that a keyboard entry always jumps to one of the first
64 states.

The data storage instructions given at the end of the
TABLE OF TYPE SIX INSTRUCTION DECODING
are used by auxiliary data storage circuit 25, which
contains 10 56 bit shift registers. The first of these
instructions alerts auxiliary data storage circuit 25 to
listen to BCD line 35 for an address transmitted from
the C register of arithmetic and register circuit 20.
When an address is transmitted over BCD line 35, the
selected shift register in auxiliary data storage circuit
25 is enabled. The other two of these instructions allow
the selected register in auxiliary data storage circuit 25
to receive data from or send data to the C register of
arithmetic and register circuit 20 over BCD line 35.
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Thus, an address type instruction is normally followed
by a SEND DATA (i.e., BCD — C Register) or a RE-
CEIVE DATA (i.e., C — BCD) instruction. More than
one data transfer can take place with the same register
without additional addressing instructions.

Two algorithms used in the calculator will now be
discussed to further illustrate the instruction set. The
first of these algorithms is a display wait loop, used
after a key has been processed and while waiting for
another key to be actuated. The second of these algo-
rithms is a floating point multiply operation.

A flow diagram of the display wait loop is shown in
FIG. 31. This loop is entered after a keystroke has been
processed, register A has been properly loaded with the
number to be displayed, and register B contains the
display ““mask” as discussed above. Two flags or status
bits are required. Status bit 0 (SO) is hardwired in con-
trol and timing circuit 16 to automatically set whenever
a key is down. Status bit 8 (S8) is used in this program
to denote the fact that the key which is presently down
has already been processed (since a routinc may be
finished before the key is released). In states D1S1 and

.D182 these two status bits are initialized. Then a loop

is used as a time delay (about 14.4 ms.) to wait out any
key bounce. In D184 status bit 8 (S8) is checked. The
first time through the algorithm it must be 1 since it was
set in D1S1 to denote the key has been processed. In
state D1S5 the display is turned on (actually it is tog-
gled since it must previously have been off; there is no
DISPLAY ON instruction). At this time the answer
appears to the user. In DIS6 status bit 0 (SO) is
checked to see if a key is down. If not (i.e., S0=0), the
previous key has been released, and status bit 8 (S8) is
reset to O D1S7). The machine is now ready to accept
a new key since the previous key has been processed
and released. The algorithm cycles through D1S6 and
D187 waiting for a new key. This is the basic wait cycle
of the calculator. If SO=I in D186, the key which is
down may be the old key (i.e., the one just processed)
or a new key. This can be determined upon return to
D1s4 where status bit 8 (S8) is checked. If a new key is
down (S8=0), execution jumps to D1S8, the display is
blanked, and a jump out is made to service the key. A
listing of the algorithm is given in the table below.

TABLE OF DISPLAY WAIT LOOP ALGORITHM

LABEL OPERATION COMMENT

D1S1: 1 —988 Set Status 8

D1S2: o —>SO Reset Status 0

Decrement pointer,

DiS3:  P-1 —>P P
IF P NO. 12 48 word loop (3 X 16)
THEN GO TO DiS3 to wait out key bounce
DISPLAY OFF

D1S4: IF S8 NO. 1 If key not processed,
THEN GO TO DISS: leave routine

DI1S5: DISPLAY TOGGLE Turn on display

D186: IF SO NO. 1 If key up, reset
THEN GO TO DIS7: S8 and wait
GO TO D1S2: Key down. Check if same key

DIS7: o 958 Indicate key not processed
GO TO D1Sé6: Back to wait for key

D1S8: Blank display

D189: KEYS QROM ADDRESS Jump to start of program to

process key that was down.

CONTINUE
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The floating point multiply algorithm multiplies x

times y, where register C contains.x in scientific nota-

tion and register.D contains y (note that in the calcula-

tor register C. corresponds to the user’s X register and .

reglstcr D to the user’s Y- register). When the multlply
key is depresssed, the wait loop algorithm will jump to
a ROM address corresponding to the first step of the
multiply algorithm because of the:way the instruction

28

-continued

,Reg'ister D scientific form of y

The algorithm fof executing floating point multiply is
given in the table below. The letters in parentheses
indicate word select options as follows:

P pointer position
Up to pointer position

WP

X Exponent field

XS

Exponent sign

mantissa field without sign
mantissa with sign
entire word

M
MS
w
S mantissa sign only

- TABLE OF FLOATING POINT MULTIPLY ALGORITHM

LABEL OPERATION ‘COMMENT
! .
MPYI: Transfer y to A. Drop stack
STACK 9/\ . P
MPY2: : -Add exponents to form exponent of answer
. AHC —>C(X)
. Add signs to form sign 1
A+C —>>C(S) ,
IF NO CARRY GO TO MPY3  of answer.
Correct sign if both negative
‘ 0 —>>C($)
MPY3: ) Clear B, then transfer
‘ 0 —>B(W)
. mantissa of y. B(X) =0
A —98(M)
Prepare A to accumulate product
0 —>A(W) R
Set pointer to LSD (Least Significant
2 —>Pp ‘
Digit) Multiplier (Minus 1)
MPY4 Increment to next digit.
. P+l —>>p
MPYS - . Add multiplier mantissa to partial
A+B —>A(W) ’
product C(P) times. When C(P)=0,
. C—1—>>C(P) . :
IF. NO CARRY GO TO MPYS stop and go to next digit
SHIFET RIGHT A(W) Shift partial product right.
IF P NO. 12 Check if multiply is complete
THEN GO TO MPY4" i.e. is pointer at MSD.
AF.A(P) >1 Check if MSD = 0. If so must
-THEN GO TO MPY6 shift left and correct exp.
SHIFT LEFT A(M) Multiply by 10 and decrement exponent
Cc—-1 —>>»C(X)
MPY6 Always do this to correct for factor
C+1l —>»C(X) : .
c of 10 too small
Duplicate extra product digits
A %B(XS)
add 1 1th digits
A+B —>A(XS)
IF NO CARRY GO TO MPY7 If sum less than 10, then done
If sum more than 10, add 1
A+l —»AM)
IF NO CARRY GO TO MPY7 If answer was not all 9's, then done
. If answer was all 9's add 1
A+T —>A(P)
. and increment exponent
C+1 —>C(X)
MPY7 A EXCHANGE C(M) Get answer mantissa into C
GO TO MASK | Go to routine to position the answer in A
and make the proper mask in B. Then to the
DISPLAY program.
Referring now to FIGS. 1, 2, and 32, a calculator
60 according to the present invention includes a Last-X

KEYS — ROM ADDRESS (state D1S9 in FIG. 31) is
executed. The key code actually becomes the next
ROM address. At this time the contents of reglsters
A-D are indicated by the followmg

Register A
Register B
Register C

floating point form of x
display mask for x
scientific form of x

65

function which automatically stores the currently dis-
played number (for example, the last entered from
keyboard input unit 12 or the result of the last function
performed by the calculator) in a Last-X shift register
of auxiliary data storage circuit 25 whenever the next
function to be performed by the calculator would de-
stroy the currently displayed number. That stored num-
ber may then be immediately recalled and displayed by
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simply pressing a prefix key 110 and a Last-X key 12 of
the keyboard input unit.

In order to perform this Last-X function, a Last-X
subroutine is stored in ROM’s 3 and 6, as shown in the
detailed listing given below for those ROM’s. In ROM
3 this subroutine begins on line 4 and ends on line 91,
and in ROM 6 begins on line 99 and then jumps to line
165 and continues through line 187 where the subrou-
tine terminates and the recalled number is then dis-
played. ROM’s 3 and 6 are connected by IS instruction
line 28 to auxiliary data storage circuit 25 where the
Last-X function to be saved is stored. The latter circuit
is connected to Start line 40 to synchronize operation
of this circuit with the rest of the calculator and is also
connected to arithmetic and register circuit 20 by BCD
line 35. Referring to FIG. 32, the Last-X subroutine
determines whether the currently displayed number
would be destroyed by the next function to be per-
formed by the calculator. The number is automatically
stored in the Last-X register of auxiliary data storage
circuit 25 if the key code of the next key actuated (i.e.
the state of the system counter as described above with
reference to FIG. 5) corresponds to any key except
SCI/FIX, x><y, R|, STO, RCL, ENTER, CHS, EEX,
CLX and any numeric key or alternate function asso-
ciated a numeric key.

The Last-X function is useful for correcting errors,
such as pressing the wrong arithmetic operator key or
entering the wrong number. For example, suppose one
were performing a long calculation where the number 3
must be subtracted from the number 12, but instead of
pressing the subtaction key, the division key is pressed
and as a result the number 4 appears in the display.
This error can be corrected by pressing the prefix key
110 and the Last-X key 112 to recall the number 3; by
pressing the multiplication key to reverse the division
and cause the number 12 to appear in the display; by
again pressing the pefix key 110 and the Last-X key
112, to again recall the number 3 to the display; and,
finally, by pressing the subtraction key to accomplish
the operation originally intended. The convenience
afforded by the Last-X function will be appreciated
even more if instead of a single number like 3, the
number destroyed by pressing the wrong function key
were, for instance, 3,56789. The Last-X function is also
useful for calculations involving the same number more
than once. For exaple, sine N is multiplied by cosine N,
were N equals 3.15672, by consecutively entering N,
pressing the sine key, pressing the prefix key 110 and
the Last-X key 112, pressing the cosine key, and press-
ing the multiplication key to obtain the final result.
While the value of N was used twice in this calculation,
it was entered into the calculator only once.

This invention also provides built-in conversion con-
stants, accurate to ten digits, for conversion of a num-
ber to and from the following metric and U.S. systems
of units: inches and centimeters; gallons and liters; and
pounds and kilograms. These constants are: 1 inch =
2.540000000 centimeters; 1 pound = 0.453592370
kilograms; and 1 gallon = 3.785411784 liters. With
reference to FIGS. 1, 2, and 33, 12 inches are con-
verted to centimeters by consecutively entering the
number 12, pressing the prefix key 110, pressing the
centimeter/inches key 114 to obtain and display the
conversion factor 2.540000000, and pressing the multi-
plication function key to obtain and display the result
30.48. Other conversion operations are similarly per-
formed.
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These conversions are implemented by storing each
conversion constant directly in ROM 6, as part of a
conversion subroutine. When the appropriate key is
pressed, the instructions of this conversion subroutine
load the constant into a particular register for appropri-
ate combination with the entered number. Each con-
version subroutine is given in detail below on lines
129-163 of the listing for ROM 6.

A similar feature of the present invention permits
conversion of numerical quantities expressed in DMS
to decimal notation and conversely. With reference to
FIGS. 1, 2, and 34, a number expressed in DMS is
converted to decimal notation by consecutively press-
ing the prefix key 110, pressing the DEG key 116 to set
the calculaor in the degree mode, entering the digits
representing the number one by one as if they were a
homogeneous number, pressing the pefix key 110
again, and pressing the D MS™ key 118 to compute
and display the decimal degrees. The converse opera-
tion is accomplished by pressing the prefix key 110,
pressing the DEG key 116, entering the decimal argu-
ment, pressing the prefix key 110 again, and pressing

.the — DMS key 122 to compute and display the final

result in DMS The D.MS value is displayed in fixed
point notation with four digits to the right of the deci-
mal point regardless of what display format the opera-
tor may have otherwise specified. This is accomplished
by means of a branch which avoids instructions that
check the format setting and directs special entry of the
DMS value downstream of the display program. Of the
four digits shown to the right of the decimal point, the
first two represent minutes and the last two represent
seconds.

The implementation of the DMS conversion is ac-
complished by means of a conversion subroutine stored
in ROM 0. The instructions relating to this conversion
subroutine are given below on lines 1-19 and 80-96 of
the listing for ROM 0.

A calculator according to the preferred embodiment
of the present invention also calculates factorials and
easily solves combination and permutation problems.
Factorials can be calculated for positive integers from 0
to 69. For example, the factorial of the number 5 (i.e.,
5!) can be calculated as shown in FIGS. 1, 2, and 37 by
consecutively entering the number 5 into the calcula-
tor, pressing the prefix key 110, and pressing the facto-
rial (n!) key 124 to obtain and display the result 120.
This feature is implemented by a subroutine given
below on lines 188-201 and 203-243 of the listing for
ROM 6.

In the clock mode of the present invention, the calcu-
lator operates as a clock or a stopwatch which stores
and displays split times. Referring to FIGS. 1, 2, 35 and
36, the clock mode operates as follows: a time of day is
entered into the calculator display where the two digits
to the left of the decimal point represent hours, the two
digits immediately to the right of the decimal point
represent minutes, the next two digits represent sec-
onds, and the last two digits represent hundredths of a
second. The clock mode is initiated by pressing Recall
key (RCL) 118 followed by Enter key 116. Enter key
116 will always start the clock; Change Sign key (CHS)
will toggle the clock and make it start or stop (which-
ever it is not doing when this key is pressed); Enter
Exponent key (EEX) will blank or unblank the hun-
dredths of a second portion of the display (whichever is
not being done when this key is pressed), although the
clock will continue running. The clear X key (CLX)
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clears the clock to zero, and the summation key (2+)
always stops the clock.

Split times are'stored by pressng a digit key while the
clock is running, which stores the time at which the
digit key is pressed in a storage register of the same
number as the digit key pressed. If the clock is not
running, pressing a digit key will recall the constant
(e.g. previously stored split) in the register of the same
number as the digit key pressed.

There are many applications for the clock mode of
the present invention. For use as a stopwatch the clock
is started when a race begins. When the first runner
crosses the finish line, the “one” digit key is pressed
and his time of arrival is stored in register one, without
interrupting clock operation. When the second runner
crosses the finish line, the “two™ digit key is pressed
and his time is stored in register two, and so forth up to
ten finishers. At the end of the race, pressing the sum-
mation key (3-+) stops the clock. Pressing the digit keys
corresponding to the respective arrivals then recalls the
elapsed time for each runner during the race.

The clock mode is based on the characteristic that
the same number of instructions arc executed by the
calculator every one-hudredth of a second as con-
trolled by the 800 KHz oscillator 100 shown in FIG. 17.
Referring to FIG. 36, loops 1, 2, 3, 4 and 5 each never
contain more than 35 instructions which is equal to the
time taken to increment the hundredths-of-a-second
register. While 35 instructions are required to adhere
to the clock standard, many fewer than 35 instructions
are required to execute any loop of the program.
Therefore, loop execution must include additional in-
structions equivalent to the difference between 35 in-
structions and the number of instructions required to
execute the loop. However, the amount of delay, ie.
the number of no-op code or other instructions to be
added that are unrelated to operation of the clock, is
“loop-dependent,” since the number of instructions
required to execute each loop is different. For example,
during exccution of loop 1, which is executed when
there is no carry in the hudredths-of-a-second register,
the status of the keys associated with clock control on

c LOODOO: L.10101101 -> LOODS3
1 LOGOOY. 11...1.... =-> L&GOZ
2 LopEe2: . 1..%.1..1 =-> LOf12
3 Loo@e3. 11..1.111

4 LaGoe4. 11111, .11,

s  LOOORS. . 1..111.1.

6 L.OB006:.  13.1111.1.

7 LOBEe7: 111...111.

g Leoete.  1.11l.1.1.

a  L@eell:  1li...1..1 =%

ig Leeote.  11i...1..1 =%

i1 LOOGI3.  1.1ii.1.1.

iz LOBB14. i1..1..1.1 -—» LAZ11
13 LO@O1S. . i1..1..11 —x LElds
14 LOEB16:. 1....1.1..

15 Leggr?:, .1.1...111 -%

16 Lepeze. i....1i1.1 =¥

17 Lees2i.  11i.1.1311.

1¢  Less22. . 11...111.

19 Les@R3:. . ... .. 1.11 =% LY

oy Lege2s.  1.1..1.... =& LIEES
21 Loap2s,  1....11i.1  =» LEZGT
=z Logp26.  11t.1.111

27 ; 1....1. ->

24 T -3
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the keybord is determined every one hundredth of a
second until there is such a carry. During execution of
loop 2, a few of the remainder of the 35 instructions
available are uscd to zero the hundreds-of-a-second
register and to add one to the seconds register. Every
59 seconds, a few more of the remainder of the 35
available instructions for execution of loop 3 are used
to zero the seconds register and add one to the minutes
register; every 59 minutes, some more of the remainder
of the 35 available instructions for execution of loop 4
are used to zero the minutes register and increment the
hours register; and finally every 12 hours a few more of
the remainder of the 35 available instructions for exe-
cution of loop 5 are used to reset the hours register to
one. Thus, every 12 hours the hundreds-of-a-second
register is zeroed 360,000 times, the seconds register is
zeroed 3,600 times and the minutes register is zeroed
60 times.

Detailed Listing of Routines and Subroutines of
Instructions

A complete listing of all of the routines and subrou-
tines of instructions employed by the calculator and of
all of the constants employed by these routines and
subroutines is given below. All of these routines, sub-
routines, and constants are stored in ROM’s 0-7, as
indicated at the top of the first page associated with
each ROM. Each line in each ROM is separately num-
bered in the first column from the left-hand side of the
page. This facilitates reference to different parts of the
listing. Each address in ROM’s 0-7 is represented in
octal form in the second column from the left-hand side
of the page. The first digit identifies which ROM, and
the next three digits represent a nine-bit address (the L
preceding these four digits is merely an address identi-
fier). The instruction or constant stored in each address
of ROM’s 0-7 is represented in binary form in the third
column from the left-hand side of the page. Branching
addresses are represented in octal form by four digits in
the fourth column from the left-hand side of the page.
Explanatory comments are given in the remaining col-
umns.

ROM @
PU JsB Fuo2
# THSH SELECT ROM 6
THS2 J1sE FRAC
fi EXCHANGE EBLWI
L3
ar
BE T
IEOTZ4. B4
™ THEM GD TD DHTZ2
TONE ABE WOTDE
A EXCHAMGE CIW3
BT T PROE
TPLS

SELECTY
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2% N B T A T TRCiZ1: IF €3 # 1
2a SN B W B SRS - - ff THEH GO TO RETI
27 N R T DA ' t -» STACK

B S 1 5 AN i ' ' 8 -> CCWl

‘ S N B O A C -> DATh ADDRESS
34 LOEaze. e . NO OPERATICH
31, . Loandy. 1 11111 DATE -5 C

32 Lasaga, 111, 111 . A EXCHAHGE CLW1
3 Laggal, ..;111 .1 =% LEERE i JeB LIvi
4 : ...11..1 - LEZBS JSBE EWCH
B R S S S A L 1=t g ) . JBE MULL
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DRELIZ1.
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GOTO ADDE
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THEN GO TO.MUL1
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GO TO DIVK
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-> .82
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111,113, B ERCHSMGE LI
1...1. 011, AODS B ESTHSHGE CLMI

R VR B B ADDE IF & »= CLH1 )
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1.1, .. 111, : ALDE
186 Looz272- 111y, .01

187 L00273:
18% LDB274:
189 LCO275:
198 LOCZ76:
191 LOG277:
192 LOB300:,
193 LOop301 s
124 i 00302:
195 .OO3B3:
198 LBEO304:

187 1.06305%. -
1ag 1.GD366: EHCH
199 LOB307: !
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g Lee313:. 1 RIGHT EBLW]
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.
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TANLY?

ASHIL

B 2

T =
—

ATHLL
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THM11
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IF 83 # 1
THEN GO TG
IF 512 #
THEH

REGS

50°TD RETS
ECT ROM 4
“CT ROM 5
CT ROM 2

Il 'fl |T‘

S:_-

B EHCHAMGE CL3]
G TO TaHIZ
A EXCHAMGE EBLW3
JEB O THRMLL
aTh -x ©
LUl
JEE THIMLL
LaTA - C
A EMCHANGE CLu3
IF 82 # 1

THEH GO TO
A EWCHANGE CLul
IF 35 % 1

THEM GO TO AzHiz

TaHis

CIF DLEl1 b= g

THEM GO TO TAMH17?
g -» 38
8-> CLsl
JBEB DIVLL
C =-> IAaTa
JBB MPYLL
J3B ADDiR
JEBE ZRT11
DaTE —-> ©
SELECT ROM @
A EXCHANGE CCLW1
JEB DIViL
IF 18 # 1
THEM GO 70 RTHiZ
-> ALW]
+ 1 => ALP1]
=> BIHM]
ACHAMGE CICM13
-1 => CIK1]
SHIFT RIGHT BLUWF]
IF CL¥21 = 9
THEHM GO T0O ATH1Z2
SHIFT RIGHT ALWPI
C+ 1 -> CLH]
IF HO CARRY GO TO ATHIZ
SHIFT RIGHT AlW1]
SHIFT RIGHT BLu3
C ->» DATA
£ EXCHANGE CLW]
GO TD ATHIS
B EXCHAHCE CLu]

) B I i o i o]

4 ~> P
GO TO SaTi4
C ~-» DATA

A EXCHAMGE
IF CIF1 = @
THEN 59 T THMI1Z2

CoWl

8 - ¢ -> CLu3l

C -> AlW1]

B -» CLA1]

GO TO &4DDLIS

GOOTO Tf”“

SELECT

IF 25 # .

THEM 30 TO B8THIL

g -C -1 - CL351

A EHCH = CLE]

SO oTO ¢ 111

SHIFT RISHT BLUHPI
i f - 1 - Aalad
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ATHLS

ATHLIT

TrH

-

el
=

RoMa
LFI1L

42

IF HO CARRY GO TD ATHIS
C+ 1 =% QL33
A ESCHRMIZ BIWRD
A+ C -> COHF]
B ERCHAHGE BOWI
A~ BLWI
R - C -> Alurl
IF HO CAREY GO TO ATHIS
A EXCHAMGE LW
AT —-»
SHIFT RIGHT cCltl
A EMCHAMGE CLS3]
A EXCHANGE BLWD
SHIFT LEFT AMLWFI
C -> DATH
A+ 1 -> R[S
A+ 1 -» &GLS]
IF HO CaRRY GO To ATH1I4
3 ~> CLW1l
8 ~> BL¥]
SHIFT RIGHT ACMEZ]
JEB DIVig
A- 1 ->alF]
AT -> ©
4 -> P
JSB PLOLZ
& ->F
JSE PMULL
g ->F
JESR FMULE
2 -»F
LOAD COMSTAMT &
19 ~-> P
JSB PMiJ11
JSE ATCDL
JSB PRULL
JSB aTCl
SHIFT LEFT gt
JSE PHMULL
B -> CCHW3]
JEEB ADDIS
JE8 ATCH
C+ 0 =>Cful
IF 516 # 1§
THEH 32 To RoOMa
IF 22 # 1
THEHM GO To RAMa
A EMCHAHGE L2
8 - 0C -1 ->0Crs
JSE ADDIL
JEBE ATCt
o+ 0 -> 20wl
ELECT Bl o
MTOL
S CETJJ]
+ -& Ll
2B ETHLL
+
B
£

-
M

-2 CiWl

S8 Padiz
_-> F'
LOADT COMSTAMT &

AR s« A
7]

-6 =>F

Jeg PRoll

4 -> F

JEB POOLL

JSB PROILL

A EXCHANGE BLW]

SHIFT RIGHT CiW1l
12 -> P

LOAD COMSTAHT S
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43 44

141 L1219, 11iiti..11 ~» L1374 GO TO TaH14

142 G S B ATCDL . & =-» P

143 LU B T LOAD COMSTENT &

144 S T B DR . LOAD COMSTAHMT &

145 BN T LOAD COMSTANT S

1ds N P . LOAD COMETAMT 2

1av RIS S LOAD CONSTANT 4

148 LIV T & S . LOADT COMZTAMT 2

145 R U N S . . RTHi1l : IF Si # 1

154a 11.11.1.11 =% L1332 THENW GO TO RTH1Z2

151 L1t t RETURH

152 L1:3B: 1 111 111 ' ADDLG . @ ~> ALW]

153 L1231, 1111, 1. i+ 1 -> APl

154 L1233z ..., P -3 Le23Z g ADNL] . SELECT ROM 8

155 L1233 L. 1.0 =¥ LZZ224 PMIM1 . SELECT ROM 2

154 Li1E34. R DRV 5§ 8 Faoil . SHIFT LEFT AlMW1]

157 L1235: i.1..1.11. PROL1Z . SHIFT RIGHT BLMS]

153 L1236 1...1.111, . B EXCHAMGE CLW]

155 ngz?; 1.1....111 => L1241 GO TO POOLS

180 L1248, itiitg11, PEDLS ¢+ C + 1 -> CLE]

161 Lizat. 11....111. PROIS : A - B -> gLyl

iez L1242, 1.1..... 11 -> Liz4e IF MO CARRY GO TO PRIOLS

183 L1243: 111...111. A+ B8 -> ALW]

ied Liz4a4: .1...1.... <=>» L2245 #dkkd PROLIZ . SELECT ROM 2

165 L1245 Jloooto oo = L2248 #xeckd MPY1Y . SELECT ROM 2

168 Liz4s:  .1.1..1.1. RIVIL © A - C -> CLH]

157 Ligdy. 10010000 =5 LE2ER drrheg SELECT ROH 2

183 - LizSe. . 1111...1. ' ' SQTIS . C + 1 -3 CiP1

16% L1281 11.1..111, SOT1e ¢ A - C -> AtYT

17e Ltizs2. i.1.100010 -3 L1258 IF WO CARRY GO TO SQT1S

ivt L1283. 11i1..111. ’ A+ T ~-> AlK]

itva L1284, . 1....111L. SHIFT LEFT aful

173 L12S5:.. ..... 111.. F~1->P

i74 L125&: 1..1.1..1. SATL?7 ° SHIFT RIGHT CCup)

17 L1257, ....1.11.. IFP $ 0

17¢ L1266. 1.1.%..111 -> L1EG1 < THEH G2 TOQ S&T1S

177 L12€1. R A I I & R S ¥ 13 GO O THM12

178 L1262 N5 5 B DUV I pIvig . -C + 1 - CIP1

179 L1263: 11...1.11%. M RIVIS . A - B —» Arps?

189 1011 => L12e&s IF MO CARRY GO TQ DIVI4

181 A+ B -> alMsl

182 SHIFT LEFT wiNS1]

1872 nIvMls . P -1 -3 F

164 S T T CIFP & O

125 1,110 1101 -3 L1283 . THEH GO T DIVLS

188 Loi1010111 - L13gs GO TO THHM1Z,

187 LI13F3: ..., 111.. . s@tiz . P~ 1 -2 P

138 11101011, i +'B -> ALMS1]

23 14,11, 1111 -> L1333 IF HO CARRY GO To S9TIS

138 L1EVe: ..., 1. -» Laz¥vy Haktrhok SELECT ROM B

121 .1, 1111 1 AIDLZ . € - 1 -> CILXS]

192 .1.1111.1. - C -1 -> CLKS]

183 1.131.1.1. 9 -> ALR1

134 11.1.1111. . A~ C->aALs]

19% 1..111111, IF ARLS]Y >= 1

138 L1384, 11...11.1y -3 Li3as THEN GO TO ADD13

1av L1385. D R B L 1511 ook SELECT RoOM 2

138 Lizge:  1...... 11, ADDLI . IF A >= BLM] .

193 L1387 11..1.1.11 = L1312 THEN GO TO ADDi4

208 L131&: ..11}1111. a-c-1->CLs3

281 LiZ11. 11..1.111. A EXCHAMNGE .BLW1]

zasg LiZ12:  1i....111. ARDI4 . A - B -> ALYl

283 LiZ313: i, 100, =2 L2331 Fwakw ADDLS . SELECT ROM 2

284 L1314, RS & RN & & N ATCY : 8 ~> CLu]

285 LiZi3:  1.11..1%.., 11 -> P
LiZis: N0 B TN B SRR LORD COMSTAMT 7
L1317 1....1%... : LOAD CONATANT 2
LiZze:  J1.1.1t. .. LOAD CONSTAMT 5
|9 e R § N & SR : LOAD COHSTANT 3
L1z2z. 1..1.11... LOAD CONSTAHT 3
L1333 1....11... LOAD CONSTANT 8 .
L1324, R R B B LOAD COMSTANT 1
L1325 N 5 DU & SRV LOAD CONSTANT €
L1336 .11t . . LOAD CONSTANT 3
L1327 .1.1.81... LOAN CONSTANT 5

L1338 ..., ..., => Le3dt Fdsdokok SELECT ROM B
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dewok iR

LH25
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T A EYMCHANGE

CIF MO

46

RETURM
SELECT ROM 8

A+ B -> ALR]
IF HO CARRY.GOD TO 3SRTi4
c~-1->»CLF1]
c+ 1 -3 CLel
IF P & 8
THEH GD TO 22Ti2

A EMCHAMGE CLA]

B —-> AfK]

IF CIRI »= 1
THEMN 5O TO

SHIFT RIGHT AIUWY

SHIFT RIGHT COWil

B EHCHAMGE CLH3

8 -» CL¥]

12 -» P

GO TO SaTi7

SELECT ROWM 2

SHIFT RIGHT BLLP]

IFT FIGHT BLW]

M|
S0 Ta
]

} D[M]

EHCHQHGE

CoWd

T EHD D UDE T

] =8
THEHM
SHIFT LEFT aluWl
COWR]
C - DATa

SHIFT RIGHT
c- 1 -% CEET-

SELECT ROM =
A EXCHARGE BLZS
A+ 1 - als
SHIFT RIGHT
SHIFT LEFT
Co T LHES
ETRCK -> A
JsB HPYZEL
(D O 10
IF =8 # 1
THEH GO TO
g -> aful:
g - C -> A3
cagRyY G0 TO
TRIGHT Aful
~» CL31
caRry Go TO
-» CL31

&
A5 HEE
a-1-> H[r]

IF HO CEREY 0O TO
a EHLHHqu BLWF ]
G + B -> ALE]

IF HO. CARRY GO TO
7o~y P

JEE FRO23

8-> F

J5E PHUZZ

3 -»F

JEE PHURL

JSE LHCDE

1a -> P

JeB PMURYL

SOTL3

Teadt 3
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BLWPD
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RV T
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C 111,111,
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LHzz

ExP2L

FREZ

el

PREZSD

FREZ4

FRERS

FRE2E .

-
sl
a1
I3
o0

48
SBOLHCDZ2
11 -> F
JEB PRU21
J58 LHCDL
SB PMUZL
JSB LHCZ2
J5B PHUZL
B LHCle
A EACHAMGE CLW
A - C - CCW3I
IF BLWE1l = @
THEM G0 To LH2T

=y L I

THEM GO To LHE2
8 EHCHANCE CTWI
IF CLsSl = @

THEH 50 T3 LMz
1 -> LMl

G4

CTHEM GO To uTvE:
IF 35 # 1
THEH

. GOOTO RTHZL
LM

nt

o
m
;

1 TO rr
5B LHC1g
B FREZ1
SB LMCZ

[ AU U ry 4
DOCRE U T I

16 -5 P
JEB FoOEt
JSE LHCDE
3 -> F
J3B PRO2t
JEB LHCDZ
8 ~> F

JEE FRO
€ - F
g - AalWP1l
13 -> F
E EXACHAMGE CLW3
@ EMIHAMGE CLu1
LAD COMETAHMT &
GO TO EX
IF 52 # 1

THEM G0 TO FRE24
A+ 1 -> ALE]
IF alRsd »= 1

THEM GO TOQ FREZ7
A~ B ~» AlHS]

=

IF HO CaRRY GO TO PREZZ

AR+ B -» RINMS]
SHIFT LEFT aCW1l
C -1 =% CLH1
IF HO CARRY G0 7O PRE
SHIFT RIGHT afWl
g -> CLUR]
A EXCHAHGE CLR]
IF CL281 = @
THEM GO TN PRE2Z
A EMCHANGE BLWI
A - B - ATH]
B -0 -1 -» COW3
SHIFT RIGHT miuWl

25
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1...1.11L PROZ3 ERHCHAMGE SCW1
R S O 5 I -» CLW] .
1.1t 01 1 = CIH1] )
VS P T A F g2 &1
111011011 => LELES THEM G0 TO PeO22
R U 1 LOAD COMSTANT <
RS S SRS B I C+ 1 - CIMI] .

; TIFOMI TRRRY GOOTO Poozd
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[ OIS I S U 3 ]
T = S Y
DU

1
-
a2
P
-l
-

i
-
e
—
[y}
o

-y LEeod

[

-
f

-

Z5 . LD 3
127 ’ LOan 2
12a Lazes. ..., . LA 3
123 LHCF  « LOn[D 3
Lz LOAD 5
i [ a]=1] 5]
13 LaAaD o
13 -» L2352 . G3TO L
i: -» LZ2z2a E#XP239 . JEE ECH
12

+ 1 -F aipl
-y BLWI
. — 1 =% Cls3
MO CARREY GO TO EXFP22
IFT RIGHT AafuPl
EMCHAMEE CLW]
1 Lzzls: N W I 5 A SHIFT LEFT aAlHMS1
1

Iy
'E‘l
[
fax]
LU I e e =

I

> U T

ol
o
ny
(8]

z Z2is:.  111.1.111. EX ;A EXCHAMGE CLW1
i1.111111, A~ 1 ->ALs3
1,001,041 -> LE2ziw IF HMD CARRY G0 TO Exp22
11,1111, A RHCHAMNGE BOW]

11111, .01, ’ A+ 1 -» alP1
11..11...1 ~» L2314 JEB O MRMEL

R B A ™ ¥=t=3< dderkek RTHZ1 . SELECT ROM 1

1.11.1..1. ECRZY :  SHIFT RIGHT atwpPil
1111111, ECrZz ¢+ A - 1 -F ALS1]

o101 111 =% L2225 IF My CarRY GO0 TO EChzi
1.11381118. B -» aLs3

111,081 A+ B - atl

R B L RETURH

R B A % =12 ddckdr PROIZL . SELECT ROM i

1,131,111, PHUZL . SHIFT RIGHT alfu3l

NS N SN I S R
LR

L S PRO%) RSN B3 B e+ B Sa B R B

b b bk b bbb bk e B A b e ke A MR A A A b
)

[ A A B R B A R S o

L

L 4

L2233 1...1.111, PHIZZ . B EXCHAMNGE CTW1

& L2236 .10, 11 - LZz249 G0 To PHMUZ4

153 L223v.  111...111. FMUZZ . A + B -» Alwl
168 LE24: BURERERE N PHUZ4 . C - 1 -» 2031
181 L2241 101111441 -5 L2223V IF W3 CARRY GO TO PHUZ3I
162 L2242 111,141,111 A EXCHAMNGE CLW]
153 L2243 R SR B 5 A SHIFT LEFT ALM31
164 L2244 111.1. 111, ) A EMCHAMHGE CLul
145 L S N SN 0 5 B SRR )

155 GO TO POO2Z
R I B : A

S11i. .11,
BRI EEEE DIvZL
1.1.1.1111  -» L2253

USSR T

11..1..11. DIvEE
1,111,111,

11,111, % 12
11...1.111 =3 THEM 30 T2 HPY
U & SR & 0N IF CLM1 »= 1
1.11.11.41 -3 LEzes . THEH 63 TD RIWES

ER N

Ao Co~> QL]
A (M

1 =

xR

£31

ARRY GO TO DIvas
2C3)

EXCHAHGE BLM]I

ALY

Lv
-
Tud
0]
=
ul
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180 2264 11.11.11481 0 =3 [}

gy
[e?]
-—
i
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-
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O OO0 00D Do
O~ OCVLE W N~ O W O~

199

242

244 -
248

246
247
248
249
250
251
252
253
254
255

L2278,
L2271,
L2272.
L2273:
L2274:
L2275:
L2276
L2277:
L2304:
L2301,
L2302:
1L2363.
L23e4.

Lz
Lz

-
a

(]

[

o T2

[ SR I GO

-~
Y
i X
[
X

L2327
L2348:
L2241
L2342.
L2343
L2344,
L2345
L2345:
L2347
L2358:
L2351
L2382
L2353:

L2354,
L23S5:
L2357.
L2368:
L2361
L2362:
L23€3:
L2364
L2265
L2366
L2367:
L2376:
L2371:
L2372:
L2373:
L2374
L2375:
L2376:
L2377.

285
BE‘:
La3ev.
L2318,

231t

UL}I-P-O.II*J'—*‘I'\I

11118111,
11,11,
R T 1 0 O
| SR 1 A
11,118,111
NS U & &
D N R S A8
1..11. 111,
110111181
PR D VR 5 5
N S T B 1
111, .. 111,
1..11188),
11...1111418
111.4. .11,
S D R B § i
R TR 5 5 N
11....11..
L1111.1.11
1010011,
D B TR b SR
R T B S
..... 11, ..
R R SO
P 1 T 5 SR

L1011
1....11...
..... 11...
S T TR I BN
RS T T 5 NP
R 5 TNS & DO
11,111,111
111.1. 111,
D I R 1 B O
NS AN I
U T U 1 S AN
Jbo1iin it
NS B B I8
1,114,111,
RS-0 TS SR
RN SR TR |
AU B B3
R S 5 5 I
1i.... 11,
N R O R
NS AN

S A R 1 R
LJlittii il

-7 L2317

|
7/
r
19
r3
o=
-

1
s/
-
]
-
-l
o

4,001,569

ook e decg

LHC2

FREZT

HPYES

MPYET

Py

HRHMZG
HREMZ 1

HRIZZ

HRH24 .

NEM2

o

HREMETY .

LHCR!

PREZZ .

LHC1G

LHCLE -

- LOAD COMSTANT

LoAaL MY

4
Lioan AMT 3
LOAan o AHT 3
LOAD SHT 1
LoED ART 4
LD AMT 7
LoaD STAEMT 1
GO OTO LHEz
B+ 1 -» alMl
IF WO CarRyY GO TO PREZ2G
A+ B -» nll]
co-1 -> 2R3

IF HO CARRY GO TO MPY26
SHIFT RIGHT ACu]
P+ 1 ->FP
IF P 3 13
THEH GO TO HMPY27
1 => CLH]
- AL
12 -> P
8 -> BLWI
IF ALF3 »= 1
THEH GO TO HRM24
SHIFT LEFT ALW]
-1 - Crul
IF ALWT >= 1
THEH GO TO HRMZ3
6 -> SOl
4 -> BIX]
A+ B - ALY]
IF ALST >= 1
THEH B0 TO MPY23
f EXCHANGE CLH3
C o~> ALK
6 > BIW1
12 => P
B0 TD MRMZS
g > F
LOAD COMSTANT
LOAD COHSTANT
LOAD COHSTANT
LOAD CONSTAHT
LOAD CONSTAHT
L&D © ANT
LOAT C
LOAD ©
o
£
C

= 0

4]

LOAD
LO/D
L&D
GO TO HE

RN R R i - |

‘A ERCHaMGE C0Hd

f -» BLWD
C -> alnl
C o+ 0 - CLHES
IF M

c =+ 1 = ]
SHIFT RIGHT aluld .

€ +-1 -
IF Ha C
GO T &
g -> CLWI

iz -> P

LOAD COHSTENT

o6

LOaD
LOAT COMSTaNT

[ OIS i L

GO TO LHCT
5 ->P
GO TO LHLCE

TO FREZ4
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rerrrror

P

L3853:
L3858

2457
L3ecg.
L3asl:
L3862:
LIBES:
L38c4:
L3E8S:
L3BE6:
L3867

[ AR IR o B B AR ON o

o QS YR 3 B v

O = T U R D ) e 3D T

53

1. i
D T S A I
R T O O
P B I
I T DR |
S DADE N
1....1.
15 IR SR
11..11.11
2 DI IS B |
$i..1.1.
113111111
11.1.1.
PR T
Jtitil 1

LLo111i1111
11313111,
11111111,
11111, 111,
SR B T B 1 §
...,
1....11101
A DA B B AN
S SR B GRS B |
11114, 114,
11111, 111,
11111, 111,
R 1

1 .1
it....1.1¢
t..1...11
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11111, 111.
11111, 111,

11111111,
R SR S |
1. 1

1
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L4may

B
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-
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LE164
LzZE1y
L4ait
Leatz
L3146
L3159

L3177

> L3174

L3a77

L3822
L4Gz?
L3zev

Lz1egz

L4gaz
L3848

&

LBJ&R

1..11..1.

R D 5 B
T AR T |
1,111,141,
11111, .04,
[ T D I
) S S

4,001,569

ROM 3

EX ]
EZ RS

a Rk

o

S g

RS

PR

o ok

Lt

ER

RS Y

gk

FETZIS:
IIGE .

BIGT

DIG4

P iRAl
FIaZ

TIGE
BIGE
TIik1

LT
TEF4

Eiml -

SIGF
BCPT
IIGE
vl
nIvh
THME
THHE

EE®H
CHEL
CLow

EHT1
ENT2

5aTe .
SRT1Z4.
50Tl
IHV1

MULE

54

(LR

[Ny I BEO N,

Lo B s ~ %

P I I
L= ha

P

P
[T

b
2 B e |

MDD
@ o
tb -
R

HIFT LEFT SIW3
n

LR TD FHT1
H o+ 1 —x plwl
Al - BINZ

EAHE

SELETT ®ROT 4

FEWE -+ REUM gTDRERS
& ~% &R

SELECT BOM 4

GQ 7O Tigt

-
=

[

VLT 0 e N
[
R I I £ B I oo O e I

e 6
[
moce—f

1)

> T
PR

GO TGO
GOTO

SAVE
9o o= £3

JEE

GO TO ST

J5B SAME

8 -> Aalul

A+ 1 -2 AalP]
IF HO CARRY GO
SELECT ROM 4

T DIVE
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4,001,569
55 56

L3111 1., 1., => L4niz swdpd CDIYE . SELECT ROM 4
NS F- TR D & DI DIV Fivz . @ -> 5%
L3113 .. .1.011111 ~» L3827 GO TO FIXZ
L3114, .11..1...1 -> L3144 cosz . JBB sAva
L3115 1..1...1.. COSzZ4, 1 -» 5%
L2316 .1.1...1.. - TRECZ4: 1 -> 55
L3117 .. 11,118 -> L3esl GO TO 2aT2
L3128,  .1....111. FRMT : SHIFT LEFT ALW3
L3121, 11111111, ' A+ 1 -> alul
L3122 . 1....111. ) FMTY . SHIFT LEFT ®LW]
L2123 ..1.1.1... . C EXNCHAMGE M
L3124, 111.1.1.1. ‘ fi EXCHAMGE CLH1
L2128, 1.1.1... C EXCHAHGE W
L31g8: 111..1. 11 -» L31e2 FSTF24: GO TO FSTF
L3127 ... ... MO GRERATIGOH
L3138 ..., HO OFERATION
L2131 1...1..1.. EXPL . @& -> 88
L3132 t..1...1.. LHH2Z4. 1 -> 53
L2133, .11....1.1 -> L3141 JA5B §6ve
LF124. .. 1....1. HTY124: 1 -3 55
L3135 ..... f1111  -> LZga? GO TO LEXE
L3136 1....111.1 ~-» L3zav SCI224.. JSE DSPOt4
LEt3F.  .1.1....11 => L31zB : GO TO FRHT
L3148, . .11...1.. |a¥l . 1 -> =3
L2141, 1.1.1..1.. SBYE B —-> 518
LZ142: 11...1.... => L6143 wkd AR SELECT ROW &
LE143. 1i...1.... => L6144 sk SAVE . SELECST ROM S
L31dd,  ...1...1.. save . 1 -> 351
L2145 . 1i.... 111 =-» L3141 GO TO SAYE
LTi46: 1..1...1.. RCLB . 1 -> 33
L3147, .11.1..111 -> L3315t GO TO 3TR1
L3158 1..11..1.. STRG . 6 -> 32
L315¢: .. 1....1.. STRL : 1 -> g2
L2152, 1....111.1 -> L3zB? JSB DSFBZ4
LE1S3.  .11t.1.1.1 =3 L3165 JSB CHKkso
L3154, .1i...11.1 => L3143 J5B sav2
L2153, t..1.1.1.. IF 52 & 1
L3156, . 111...111 -> L3161 THEM GO TQ aTR2
L2157, 1111.11..1 ->» L3356 ‘ JSB FST4
L3téE. L 1tiiti. 11 -> L3178 GO TO FSTYZJ
L3161,  1.1311.... 8TR2 . C -> DaTa
L3te2:  .111.1.1.. . FSTP . IF 57 % 1 ,
L2163, .. t1111111 => L3677 THEH GO TN EHT2
L111111110 - LEILFT GO TO FITITM
...... 11.. CHE® . @ -> p
1..11... ¢, IF LRI 3= i
111111181y - LIZVP THEH Gd TO RETHZX
11t 01011 - L3ig2 FSTRPES. GO
1....111. 1. =-» L3Zze7 Y asuDz4. U3
J11t.10101 -r L3ILES Js
..., .. - L4174 EEE T T ] SE
........ .. MO O
.......... _ HO OFE :
111,141,111, . FSTHZJ: B EXCHAHGE Lyl
1.1..111.1 ~» L3247 FST12H: JSEB 0
RS DR FET124: 1
1....1.1.1 ->» zas FETZZ¥.  J5B
1111.1.1.1 -7 L33ES JsE
11.1.11.11  -» L3326 GO TO DEMZ
L1111, CHZZ . 8 ~C -1 -» CLS]
1.1.4..1.. X ISP . @ -> S19
1...1...11 => L3218 G0 TO USF7
111,111, DEFBAZ24.  SHIFT RIGHT aAalyl
L1111t BSP? . C ->» al53]
1...1..1.. e -> &8
1..1.1..11 -» L3zz24 GO TO DSP2
Jlit1111, DSP2 . C + 1 -» CLKS1
1...... 1.. ’ DEF3° . 1 -> S8
T DU W IF 85 & 1
1..1..1.11 -> L3222 THEH GO TO DSPS
L1111, : C+ 1 -> LX)
1 1.1111 -» L3213 IF HO CARRY GO TO DSP2
1.1, LSF4 . DISPLAY TOGGLE
..... i.1.. DSPS . IF Soo# 1
1...11..11 -> L3214 THEM GO TO DSF3

S U SN DEPE . @ -> §3
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w-

NS U B R SN
1.1..1.1..
o111t

1.0, .. 111
113.1.1. 1.

S TN 15 S I 3
1..111111,
111,11, .1
i..111.11.
11, .11, .11
.111.1.
1....1.1.1
1.11.1.11.
RR SRS 5 & I
11..1,11..
111111141
R DR B & N
SRR E RN
U DR & S
D TR DR I
RS & B 1 G
D 5 IR0 RN N
11.11.1111%
i11.1.111,
RN B DU § BN

-2
-

L2637
L4240

L3313

4,001,569

DSPs

Aok bk

OFL1

aFL2
OFL3

OFL4

EEXZ

EEXZ

EERS
EERS

DENL:

DEHT
BEH2

BEMZ

BEM4

58

P-1->F
IF P # 12
THEN £0.TO
DISPLAY OFF
IF 88 # 1 -
THEN GO TO
SHIFT LEFT arul
& -> &5
IF 518 % 1
THEN GO TO
SELECT ROM 4
MO OPERATION
8 -5 CLUPJ
C-1->CIUP]
8 -> CLHEI
A+ B -> ARl
IF NO CARRY GO TO
B -> £Iul
CLEAR STATUS
€ -> ALW]
12 -> p
A -» BRI
€ -> ACR]
IF CL¥S1 = @
THEH GO TO OFLS

D5PS

DSP4

TKRA

OFL3

R~ C -> CLR1
Cc
7 o 0FLl
£1 i b
I L
T .
g EWCHSHS
g ~» BELA]
JZE D3Pl
IF P # 12
THEH G0 72 DBsrazZd
SHIFT LEFT afinl
GO TO ZZH3
1 -5 54
IF 581t % 1
THEH GO T2 DIGH

SHIFT RIGHT @fil
A EACHANGE CLuF ]
GO To EZH4

SHIFT RIGHT ALl

IF 54 % 1
THEW GO TG CH5Z
f BEXCHAMNGE CIWP3
6 - C -1 ->CIHESTY -
Co~% ALW]
IF CLEET = 1 :
THEW G3 TO EEXS
B ~-> CLFES
8 - C -3 CLHE]

13 -> P
SHIFT LEFT ALRS3]

C -1 ->0IR1
IF arsi »= 1
THEM GO TC EERS
IF al#s1 >= 1
THEM G0 TO EEXS
8 -> LRl
JEB B3Pt
SHIFT RIGHT ALHS]
C -» #ls1
IF P & 12
THEM GO TQ DEN4
B ~-» CLW1
C+ 1 ->CLu]
1t ->F
SHIFT LEFT ALWP2
P+1->pP
1IF CLP1 = 9

THEM GO T2 DENI
A ENCHAMGE CIW]
IF P ¥

o



225 L3341,
228 L2342,
227 L3343
228 L3Ts4.
229 L3345
238 L3348,
231 L3347
232 L3350Q:
233 L3331
234 L3382
235 L3353
236 L3394
237 L3355:
238
239
240
241
242
24%
244
245.
246
247
248
249
250
251
252
253
254
255
a
1
2 SRER
3 Laaa3,
4 Ladiss,
S5
& =B
7 La4aar. .
e L4gia.:
9 L4@il.
ie Laale.
11 L4R13:
i2 Lda14.
13 LAB15.:
14 Ldgieg.
15 L4G17.
16 L4B2R:
1?7 Ld@2l.
18 LSEa22.
19 L4B23.
20 Ld4R2d,
21 L4823,
22 Lea2e
23 Li@avy
o4 Lanag,
25 La@3l.
28 L‘G““:
2v L4433
a8 L4@34:
29 L4G3s,
28 L4@a3s
31 L4RA3ye.
32 L4848,
33 LdBdy,
34 L4042,
a5 L4843,
3& Lindd,
37 L4458,
28 Ldads.
239 LaB4y,
48 L49%Ea,

59
111, .1, 111
NS U IV O
11....1..
11 St
11 NS SN BN
111.1...11

..... 111
1.1..1..1
11,0111
..... 111,
111113,
........ 1.
ittt
I I
111,111,
5 15 N R B A8
R R A B
111,111
.11 0101
i

—
-
—

-

C1iii1i1d.

1...1. 111,
S DUV
|
... 01
NI 1 0 I
11..1 i1
1.11.. .11
H R S
11 o101
1 11.1.11
DS 15 N 5 |
1....1011
| I SR S
R ¢ .11
N SN 11
..... 1.
11, 1 1
1111111111
0 I U T |
NS & S B 1
..., 1.11
..., 1.11
) SN 1,11
1.1..1
11.1,..11
1.11.1.111¢
) SN 1.11
1..... 1.1
) SN 1.11
11 111,11
11,00, i
1.1.08,...
11.1 1
111, .11
111 111
11100111
1.1...1
1.1111, .1

| 2 R |
ot

[ |
NN N N

1

| J T U S T N N U NN G
AV Y AN AT VIV VRN 4

t
A4

© 4,001,569

60
~> L3345 THEM 82 TCO IENS
2 -» Crxn2
1 -> 55
> L3305 G0 TO ES¥4
DENMS IF S5 & 1
L3359 THEN 02 TQ IEHS
Fo-1 -
DEMS SMTET RIGHT BILPI
> L3IIR8 JoE Ezue
EEXT P-1->p
: C+ 1 ->0orxa
. EE#EZ IF BLFI = A
» LZ3SE THEHM B0 TO rsﬂ*
1 -> 511
SHIFT RIGHT aCrMsi -
f HAHGE TLH]I
iF # 1
HEH GO TO DEHI
EE®S ds Ld .
Go TETZIH
FST3 G [H53
F5T4 iF # 1
> L3ETH THEH GO TO FSTS
C -> 2TatK
FSTS 1 -» 57
6 ~> COlI
-1 -% cru1
6 .- C ->Crsl
C+ 1 ->0I81
B EXCHANGE CLu3
RETNZY. RETURM
ROM 4
FRFH B 'gazun
L4z@d PRFXZZ: "GO Tn FFY1
L4134 « S0l GO TO &LIE
4218 TENR GO TO THH2
4119 LOGG GO TO LOGR
LEGES  wewss  THRI SELECT ROM &
L4141 RTOY JSB SavE
L4132 GO TO KTVt
Las22R DPCT . GO TO DPC1
L4i@2 PERCZZ: GO TO POTL
DMST . @& -> 52
L4aze TDHS GO TO TDM1
LaE4a STDD . GI TO STHI
LEBLs  kwsww DMSD " SELECT ROM @
L4141 FACT JSE SAVE
L4377 G0 TO FaC:
Laldl TOHL JSB SsvE
Ld@is : GO TD DMSD
Lizaz RIGS GO TO 1SPa@
L4202 DIGS GO TD DSP®
Ld2az DIGY GO TO DBEF3
LSO28 swwkx, SIGRE . SELECT ROM S
ADDD . HO OPERATION
L4158 ADDDEI. G0 TO aMD
L4ZEs TPOLZ®:. GO TO TFL3
NO OFERA&TION
Lgap2 DIG3 G0 TO IEPa
L4292 DI1G2 GO TQ DSPO
L4262 ’ DIGL GO TO DAFQ
NO OPERATIOH
MULT HO OPERATION
L4158 MULTZZ, G0 TO a4
Lai14n - STD JSB savi
LE 94“ Ak ok SELECT ROM 5
~L438 SIGMZ2Z. GO TO SGNA
L4163 DCPT GD TO PIII
L4tsl DIGE GO TO CONS
NO OPERATION
L4163 DIVDZ3: GO YO a&MBS
“ATHZ 1= 55
L413g ATAN JSB Savs’
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L4155
LdiSa:
L4157
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1r1d1.411,

S I 55 SR &
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B B N I S
A DA A
11xi.1.111
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St
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11111418,
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11...1
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447
L4223
L4250
L4141
Ldigl

L4160
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1
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L3115
L311s

Lilis
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LE143
Leigd
Letdd
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50 To
GO .TO
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G T2 TPLL
J5B SAYE

GO TO ATt
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HO OPERATION
B+ 1L -» ALYl
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56T1
ACEL
ATHZ
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IF MO CARRY GO
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N OFPERATION
G0 TO

SGHFT
SELECT ROM 3
LB Savt
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" IF 88 #-1

THEH GO TO MULS

GO TQ pIva
JEB SAVS
SELECT ROM 3
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SHIFT LEFT ALW]

P+1->P
IF P & I3

EXCHANGE N

3 DO
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SELECT ROM
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- HO QPERATION

NO OPERATIOH
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SELECT ROM 3
JSE EXCH
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@ -> 518
SELECT ROM 3
1 -> 81
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GO TO AMDT
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SELECT ROM &
SELECT ROM &
@ -> 88

& O
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THEH GJO TO SHFT
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13 L1101, : REST . B -3 CLW]
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@ Loar

i t.it11 -» LEZTE
Polelag

1
1.1, 111

R W 5 1 P

NS S & DRNPO 5

R DR & B o~ L0

111,131,111, f E‘i,—H"v GO 3

SO 1 I R ) o=

Jllooto i1 = LS1dd GO TO SaYETR
Sir1111. FACT . IF CLS3 = |

..... 11111 - Lgway -~ THEN G0 TO ERER
Sl IF LRSI »= o

...... 11111 =3 LEgay : .. THEH G0 TO ERER
S S D W8 Face . IF CLHD »= 1

11...1..11 =% Lazad ’ ) THEM 53 TO FAcl
AR B 1 SN P-1->F
11..10111 0 =% Le313 GO 7O FaACTL

..... 111, FARCL . P -1 =» F

111011 IF P & 3

11001001 => L&Z1a S THEH GO TO Facz
..ol - Lepdd S GO TD OFLY

T S B 1N FaAcz . . C -1 =-» CIx1

RY OGO TO COMS
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z@1 LEZLL:  1i... ..., 1 - LEZom JEB Face

B2 Le312:. 1., 1....  -» L2313 wdkms  MREMZB . SELECT ROM 2

2a% L&3L3. L ..itill1. FRCTL . IF GCLWPI »= 1

2ig I 11111 -3 Legav THEH GO TD ERRRE
285 Lez1S:  111.1.1.1. . B EMCHAMHGE CLY I

20 Lezis:  1.11. .11, : 11 -» F

z IF CLX43 = @

2 —-r Le325 THEM GO TO FACTZ
2 C -1 -3 CLKX]

2 IF CLH3 »= 1

z -3 L&ERY . THEH G0 TO OFLW
21 ' SHIFT LEFT atwl

213 FACT2 . A EXCHAMGE CLW3

214 ' B -> alyl .

215 g+ 1 -> aleP3

216 0 - C - CCW]

217 -» LE312 IF HD CHRERY GO TO HEMZ2S
Z218 A ESCHAMGE LWl

219 . CBHIFT RIGHT CLWl
220 11111111 C+ 1 -3 C[S1

221 : 11....11,. FacTs . 12 -» P

2z : 1111, A -y BLHS]

223 ;o 1111, .11t . FACT4 . A + © -> ArW]

224 4B, 11.11111i1 -3 LB337 IF MO CARRY G0OTO FACT
225 t: 11.1..111, A -0 -3 Al

226 42, .1....111. SHIFT LEFT atuwil

r3-¥4 PR B I S & 1 I FACTS ¢ A + £ -3

228 44, 111...1111 —F L&E343 IF MO GoRe hn TN FACTS
229 45, 111i1i11ii1. A+ 1 -» ars

23Q LeZga:  1i..1.11%, A EXCHAaMGE QEM]

231 LE3LF. ittt 11..1 -3 L&Z&s JEB SHFT

232 LE35g 1.11. .11 11 -5 F

233 LE381, 11ii.1li .1 -k LE3Es JSB SHFT

224,  LSZS2. ..1... 111 B -> CLY1]

235 LE3S3: RS I S I 8-> BIWP]

236 L6354: f.t. 11 : SHIFT RIGHT BLW1]

237 L6355, 1ti..1. 111, A EXCHANGE BLW]

238 L63%6: 111..1.11. Ao+ B -> alns

239 Le357. 1i.111.111 => LE335 IF MO.C&RRY G0 Ta FACTZE
240 L6360 L11.1.111. BOEXCHRMGE LMW1

241 L6361: 1...1.1.1. - ) E EXCHANGE CIX1]

242  L&362. 1111 4.1, FacTe « © o+ 1 -» CLu)

243 L6363 1i..1.1..1 =¥ L6312 FACT? . JSB MRMZzZE

244 - L6&364: 1...1..1.. THEE . @ -> 5%

245 L6365: .1...1.... => L2366 EEEEES SELECT ROMW 2

246 L6366: . ....... 1. ] SHEFT . IF REPT = @

247 Lé367: 1liit.1.11 -> LGE372 THEM 130 TO SHFR
248 L6370: 1.1..1..1. SHIFT RIGHT L

249 L6371 1liit. 1.1, . o 1 = alul

2506 L6372, ....11.... ZHFR . EBETURH

251 1L6373. 1.1..1.1.. SWRT . IF 518 # 1

252 L6374: 111t111.11 =-> L637¢ . THEH G2 TO RETE

253 L6379 t....1.... => L4376 RET4 . SELECT ROM 4
254 L6376: Jiro 1000 =)» L3377 * : RETZ . SELECT ROM 3
2585 L6377 e HO UPLEHTLMH

ROM 7

7] GOTO 4

i G 7o

2 : GTO WT

3 EAFH . GI3TO

4 LHMH « GO TO

5 v T2z . GOOT0

(3 Ly 3Es. IHYH . GO TO

7 L¥ROT: Wrie . G TO

8 LPE1E. PERT . GO TO

9 Lvett. WTas . GQ TO

i8 LY@z ECRL : GO TO

i1 LYE13; STOR . GO TA

1z L7814, ROLD . GO TO

12 L7ALS: | = S v B W1

14 L7&15: E¥CL . G50 TAO

15 L7ELT: REGS . LOAD COHSTEMT 9
16 LYyg2e. GO TO REGH
17 LvE2l:

WTL7 . GO TO WT1s
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18 LyEze. .. 11,011 = L7O0GH DiGe : G0 TO REGS

13 L7EEZ,  ...1111111 -> L7P@37 DIGS . GO TO REGH

2n L7e24: . 1...1t... DIGY : LOAD COMSTANT 4
21 LFTEES, . 11t11.111 -% L7179 G0 TO REGI

22 LFR2E. ... 1,111 -» L7Oes ADDD . GO TO WTz2

27 LyvEeF:.  i....1l... REGE . LOAD COMSTAMT 8
24  L7eEe.  1..1..1111 - L7223 GO TO RECA

25  L¥BZL. 1.1.1...11 = L7238 WTes . G0 TO WTas

26 LP@Zz.  .1111.1.11 =» LVIFZ DIGZ . G0 TO REGS

27  L7E23.  .11111..11 -» L71F« DIGZ : GO TO REGE

28 LYEZ4. ... 1.11.., DIGL . LOAD COMSTAMT 1
ze  LFH3IS, . iifii.itl - LTLITS GO TO REG1

Z8 L7838 L. i ittt -y LFR0S MULT . GO TO uWT2:2

21 LF@Eay: R P T AN . REGS . LOAD CONSTANT o
32 Ly@gm.  1..1..1111 =3 LP2E3 GO TO REGH

33 L7E41. L1l titi1 - LTa47 WTL1L . GO OTO WT1E

34 LTE4E.  1..1....11 35 SIGP . GO TO CHsSZ

5 Lreaz.  11.1..7.111 LCPT . GO TO RETH

IS LTESd: L. ... 11, TIGH .  LOAD COMSTANT 8
IT L7E4S. 11111111 —> LT7IFS a0

otz N Urd - I - 1,111 -3 LyRas DI¥D . GO

32 Ly@47.  ....1..111 =3 L78l1d WTig . G0

4@ LTES0. ... .. 1.111 ->» L7@AS TAMG . 60

41 LTESL: J1.41.111 -» L7BSS Las . GO

4z LTESZ. ... 1,111 =% L7RAS COSS . GO

4% LTES3. ... 1,111 -3» L7¥BES SIMM . G

44  L7ES4. ... 1.111 =¥ L7985 TPOL . GO

45  L7GSS. . .1.111811 -> L7OST nLas . GO
T4 LTESS: ... .. 1,111 -» LvBAaS Spar . G0

47 7. ..11.11118 -% L7BET nLed . GO

48 w11, .11, .. REGS . LOAD COHSTAMT &
43 1. 1..i..1111 —» LTEE3 2T

50 2. ... 111111 ~F LTetT DIG® . GO TO R

51 3. ...1.11111 -» L7927 BIS2 . GO TOD REGS

sz S111.11. . DIGF . LOAD COMSTAWT 7
53 J11111.111 =» LFIFS G0 TO REGL

54 LTEES: ... .. 1,111 -~ LV8&s SUBT . G0 TO WTE:

55 11111i.111  ~->» L7375 DLEZ GO TO RTRM

56 1,111, 111, CLRX : B - ACWI.

¥g Loooiloil —r LFELS JEE WT21

s& BB DS B i GO T3 EE1

9% 1...111.18 0 => & : : CooTO o

6Q 0 R B - 2 LK : 0T

61 i1t .. =¥ LEETE  cewwes EHT1 . SELECT R

62 1..1.1.1. . EMT1ZZ: IF 5% %

63 Li111.411 - LTATS THEH G0 TO EWT1
64 AU & IS IHIT . CLERR sTaTus

65 R SEREE Y IF CIS3 »= ¢

66 1111111.4t  =» L?376 THEM G0 TO ERRZ
67 D T 1 T R I C~ 1 -> 2Ll

698 Sio11.11. Lo~ 1 -> Gl

€9 B O B 1 R O IF CL21 = 5

70 111111118 -3 L7378 THEH 50 TO EREZD
71 R TS SV B 5 S RN I B | . GO TO IHTZ2

7 1..1...11. INT1 . SHIFT RIGHT CLM3I
73 11110101, . INT2 . C + 1 ~% CLMI

74 BV P DA B A B ¥ IF MO CARRY GO TO INTH
5 11t.1. 111, - INTZ . & EXCHAHGE CLWI
) 1.1.1.1. .. M -3 C

77 U O B T LOAD COMSTAMT i
Ve IS R . LOAD COMSTAHT 3
a3 R S O : IF & »= CLH]

20 111111111 =3 L7376 THEH GO TO ERRZ
a1 IS5 D & DA LOABD COMSTANT &
gz 1.1...11.. ) : 16 -3 p

83 AU TN N IF A »>= CCFR1

e4 1111111, 11 -» L?376 THEM GO TO ERR2
a5 1..0.. 11, ] 8-> P o

& 111,01, 1. SHIFT RIGHT alWP3
: S 55 I DS I 7 -> F

8a RS TS & D LOAD COHSTAMT &
g3 S111. .11, 7 -5 F

a4 IS D IF a4 >= LIP3

91 1113131.11 -> L7378 THEH GO TO ERR2
9z TS A C EMCHAMGE M

a3 O T TR 1 SV 5 =3 P
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. KEV2
L7as1
L7@51
L7214
L7245
' CHE4
L7244
EEX1
LPELm
LVSET
‘ RELZ
L7223
. REGZ
L7a23 REGL
iTT R B 5] FRT1
' KEY1
L76o0R1
L7154
EENE
L7245
KEY3
L7D41 -
CHsS2
L7162 '
CHS3
L7226
REGA
L7233
CHSS
L7245
REGB
L7248
REGC
L7055 wT29
L7eS? WT24
L7057 yT20
L7OS? NT1S
L7OS7 Wr12
LTRST ures
WT8es

84

SHIFT RIGHT ACWP]
SHIFT RIGHT aLuWpPl
SHIFT RIGHT AL
SHIFT RIGHT ALWP]
HOHAHGE BLW)
-1 =-> alupPl
~» ALK]
-> P
-1 ~> aLp1
1 ->p
+ 1 -> alP1
A+ 1 =->alP1]
A~ 1 -> AaLs3
A EXRCHAMGE BLW]
g -> 548
JSB DlLes
JSB DLas
IF 89 # 1
THEH GO TD KEY3
GQ TO WTi2
1 -> 510
GO TO uWT23
IF BIM¥Y = o
THEM 50O TO EEWZ
B -3 BLHY]
GDOTD WTis
MO OFERATION
MO OPERATIOH
LOan COHSTANT 3
G0 TO RECA
LT COHSTAMNT 2
GO TO REGH
SELECT ROM 2
IF 54 # 1
THEN GO TO UTZ2
IF s & 1
THEHW GO Ta KEY2
DISPLAY OFF
9 -> 38
12 => P
8-> CLY2
KEYS -> ROM ADDRESS
8 ENCHRMGE BL®3J
A -1 ->Aalx]
A EXCHANGE BLX]
60 TO WTi&
1 -> S8
GO TO WTL1
IF 518 # 1 )
THEN GO TO CHS4
8 -> 813
€ -> DATA ADDRESS
GO TO CHSS
C ~> DATA ADDRESS
IF 518 # 1
THENM 50 TO REGB
A EXCHAMGE CLW1l
C -> alwl
SHIFT RIGHT CIM1
C => DATA
GO TO WT12
DAaTa ~-> C
12 -> P
IF CLPYI =0
THEN GO TO REGC

TP~TORT D

@ => CLul

A ENCHANGE CLW1]
SHIFT-LEFT RIMS]
J3B BLBS

JSB DLBY

JSB DL94

JS5 DL8d¢

JSB DLOg

JSEB DLAS

M= T

DNISPLAY OFF
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L7354,
L7355:
L7356
L7337
L7360
L7361
Le362:

85

B TR T
1.1..1.1..
SRS ERRE !

11.11.. .11

RETUE S T
11.11.. 111
SIS
EUETET

FEIEEE S

11....11..
RISTEN

315 A S 1 B
RO SR RIS
NS 0 DS & SENES N
1111, t1d
1111411

T N

| S T A
S S SRR
A T R

A T

-> L7373

4,001,569

TIfg

Tiitl

TNz

TIRZ

TIM4 -

RETH

RETL
‘RET2

RET3

RETY

FINN

86

DISPLAY TOGGLE

IF =18 # 1 C -
THEH GO .TO HKEYL

1 ->F

B+ 1 -F alWP]

IF HO CARRY GO To KEv1

Ao+l
TFOHT WwrTzas
¢~
g +
IF &
TIfi

B3 TO h
0o~ TETHR]
3 -5 F
A
IF
19 -3
Ao+l
IF &
GO T3
g -» CLh
g -7 RLLUP2
11 -> P
A+ Lo« BLPD
IF HOI CaRRY S0 TO TINS
2 - wlil
12 -» P
A+ 1 -> @alPl
IF M3I ChPRY 30O TO WT
IF & 5= CiMm

- THEH G0 TO TIM4
G TO Yia:
8-> wlW3l
i1 -> P

B F L=y AR

IF HO CarRpy

SO TO WTGEs

HW->c
J..}‘rl\n:r'!
2 -> P
IF E Q

GO TO RETH
Lo SHT 4
G
LG- AalT 5
[ 3]
e
12
Q]
€ ADDRESS
c Coua
DA
I =1

WCH LWl
1 —> L[r]
O CRRRY 50 TO RETS
FT “IPHT REM
RCHAHNGE LWl

FI&H
0 TU Fﬂni

CLWRT = 8

THCN GO TO RTRN

ﬁ EXCHANGE CLUW3
SHIFT LEFT AfuW?l

T Uy e 03D L

-~

G
IF

2 < F
SHIFT LEFT afWwPl
& -> F

SHIFT LEFT ALWR]
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87 88
243 L7363: .1...1..1. SHIFT LEFT ACWR3
244 L?7364. . 1...1..1. SHIFT LEFT atuwrl
245 L7365 1i....11.. 12 —> p
246 L7366: 1t1111.1.1. Bkl -r alXy
247 L7367 1..11... 1. FI%2 IF wlPl o= 1
248 L7376 111111, .11 -> LV374 ' =} FUHRT
249 L7371 1i.11.1.1. - 1 ~> [aiy)
250 L7372 A S it. SHIFT LEFT &fit3
251 L7373 111111111 -5 L7367 GO TO FIXE
252 L7374 111.1.111. FXRT .. A EXACHAMGE CLW3
253 L7375 ... 11, RTRN © . RETURN
254 L?376:. .. 11..111. ERRZ g -> CLul
239 L7377: .1..1.11.1 -5 L?113 JEB OINTS

OPERATING INSTRUCTIONS

All of the operations described below are controlled
or initiated from the keyborad input unit 12 which is
shown in FIG. 1.

Fundamental Operations
Getting Started

Slide the power switch to ON. The display blinks
when an improper operations is made. The blinking will
stop as soon as

CLX

is pressed and you may enter a new problem.

Keyboard

Almost every key performs two distinct functions.
The symbol for the primary function appears on the

key, and the symbol for the alternate function appears
above the key like this

'y
)

To use the primary function, merely press the selected
key; to use the alternate function, press the prefix key
110 before pressing the associated key like this

=
[ k.

Alternate functions are indicated like this

= ol

throughout the following pages.

Key In And Entering Numbers

Each time a number key is pressed, that number
appears left-justified on the display in the order as
pressed. Note that a decimal point symbol is included
with the number entry keys; it must be keyed in if it is

20

25

30

35

40

45

50

55

60

65

part of the number. For example, 314.32 would be
keyed as

RIMEILOER

To signal that the number string keyed in is complete,
press

ENTER T .

Now you may key in another number string. If you
make a mistake when keying in a number, clear the
entire number string by pressing

CLX

Then key in the correct number.

Performing Simple Arithmethic

In the calculator arithmetic answers appear on the
display immediately after pressing

B B B, or Elkey.

In an adding machine, the

Edkey

adds whatever is already in the machine to the last
entry, and the

Elkey

subtracts this last entry. The calculator not only adds
and subtracts the same way as the familiar adding ma-
chine, it also multiplies and divides this way too—the

key
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89

multiplies whatever is already in the machine by the
last entry, and the

Ekey

divides by the last entry.
For example, add 12 and 3.

Press:

ENTER /I\

See displayed:

spl—>

This same principle is used for calculating any arithme- -

tic problem having two numbers and one arithmetic
operator.

Correcting Input Errors

The calculator automatically stores the last number
displayed (last input argument) that precedes the last
function performed. For example, if you wanted to
verify the last input argument from the example above,

Press: See displayed:
D —> last input argument

A special storage register—LAST X-—is provided for
this purpose. As each new function is keyed (exe-
cuted), the contents of Last X are overwritten with the
new value.

Last X

is a very useful feature for correcting errors, such as
pressing the wrong arithmetic operator key or entering
the wrong number. For example, if you were perform-
ing a long calculation where you meant to subtract 3
from 12 and divided instead, you could compensate as
follows:

Press: See displayed:
oops— you wanted
12 [enter /M3 E]l—> to subtract
retrieves last number
O —> displayed precedin
operation (division
reverses division
9 12.00 operation; you are
Pk wher gy sagted
D —9 displayed before oper-
ation {myliinlsation).
E% duces desired results

20

25

30

35

40

45

50

55

60

65

90

If you want to correct a number in a long calculation,

Last X

can save you from starting over. For example, divide 12
by 2.157 after you have divided by 3.157 in error.

Press: See displayed:

donde oy 3197
12 ENTER/I\ 3.157 E]l—> not3.1s7

retrieves last
O Ees=x]—> number displayed

preceding

operation

you're back at
> -_12.00 the beginning
2.157

Eureka!
B—>

Clearing

To clear the display, press

CLX

To clear the entire calculator (except for certain data
storage registers—more about that later), press

[ cLear .

(Notice that is isn’t necessary —although it may be
comforting — to clear the calculator when starting a
new calculation.) To clear everything, including all
data storage registers, turn the calculator off then on.

Display And Rounding Options

Up to 15 characters can be displayed: mantissa sign,
10-digit mantissa, decimal point, exponent sign, and
2-digit exponent. Two display modes (fixed decimal
and scientific notation) and a variety of rounding op-
tions are provided. Rounding options affect the display
only; the calculator always maintains full accuracy
internally. Fixed decimal notation is specified by press-
ing

followed by the appropriate number key to specify the
number of decimal places (0 — 9) to which the display
is to be rounded. The display is left-justified and in-
cludes trailing zeros within the setting specified. When
the calculator is turned on, the mode and decimal place'
settings are

Exx]a
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F .
or example, -continued
Press: See displayed:
Press: See displayed: 5
ENTER /1\ 13—
123.456 -
[Eix]s -
I - 10 To change the sign of a negative or positive number on
the display, press
0 —_—> 123,
kns].
] 15
Scientific notation is useful when you are working with For example, to change the sign of —35.00 now in the
very large or very small numbers. It is specified by display,
pressing .
20 Press: See displayed:
O scr .
fcus] >
followed by the appropriate number key to specify the
number of decimal places (0 -9) to be displayed. ,4
Again, the display is left-justified and includes trailing Keying In Exponents
zeros. For example, You can key in numbers having exponents by press-
ing
30
Press: See displayed:
O 6 > (Enter Exponent). For example, key in 15.6 trillion
35 (15.6 X 10*2), and multiply it by 25.
| 3 —> 123502
Press: See displayed:
Now return to 2 decimal places in fixed decimal nota- 5.6 EEX]—>
tion. 40
12—>
'
ENTER /I\ -—>
Press: See displayed: 45
25 pJ—>
[Fix]2 —>

Keying In Negative Numbers

To enter a negative number, key in the number, then
press

Ens)

(change sign key). The number, preceded by a minus
(—) sign, will appear on the display.
For example,

Press:

12 Ens]—>

See displayed:

B

50

55

60

65

You can save time when keying in exact powers of ten
by pressing

and then pressing the desired power of ten. For exam-
ple, key in 1 million (108) and divide by 52.

Press: See displayed:
EExJe —>
ENTER 4\ -

s2 (F]l—>
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93 94
To see your answer in scientific notation with 6 decimal
places,
Press: See displayed:
- — : reciprocal of 3
Press: : : See displayed: 53 _>
reciprocal of 6
- ‘hel—>.  Br
D SCI] 6 . - : sum of reciprocals
E—>
R reciprocal of sum
1o —9 2.00
To key in negative exponents, key in the number,
' Finding Square Roots
EEX], press CHis) 4 g Squ
15 To calculate the square root of any displayed value,
i L press
to make the exponent negative, then key in the power
of 10. For example, key in Planck’s constant (k) :
—roughly, 6.625 X 10727 erg. sec—and multiply it by 0\
50. 20
Press: See displayed: _For example, find the square root of 16.
6.625 EEX]—> s ‘ v :
- Press: ] See displayed:
27> S
Easl—> 16 0] —>
" '
ENTER /1\ —> L
50 > 3550033 Now find the square root of the result.
35 Press: See displayed:
If you return to a ,
O —>
.
40°
2 setting, the result is rounded to zero. For example
' o Squaring Numbers
Press: See displayed: 45
[Eix]2 —>
Performing Simple Functions permits you to square numbers with a single keystroke.

o For example, what is the square of the result in the

Finding Reciprocals previous example?

To calculate reciprocals of a display numbér, key in
the number, then press

Press: See displayed:

55°
m- E% 2 squared

1020
For example, find the reciprocal of 25.

Raising Numbers To Powers

60
Press: See displayed:

25 [ix] ->

65"
You can also calculate the reciprocal of a value in a permits you to raise a positive number (both integers
previous calculation without re-entering the number. and decimals) to any power. For example, calculate 2°
For example, calculate 1 (%+ 1/6). i (2X2X2X2X2X2X2X2X2).
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Press: See displayed: Press: See displayed:
S ; >
2 ENTER/I\()[:] 2 [enter/PM {5 []
3 K]—>
Check different decimal settings 0! El ,E velocity
2 fevrer/ [ O B>
Fix]s —> |
15 J—>
Ex]7 —> s
Using 7
Because a logarithmic routine is used internally to com- ar is one of the fixed constants provided in the calcu-
pute 20 lator. Merely press
¥y =
the results may not be accurate to the last decimal ;5 whenever you need it in a calculation before executing
place—as illustrated in the example above. the applicable operation. For example, calculate 3.
Now change the decimal setting back to 2 places and
ﬁnd 81.2567.
Press: See displayed:
30
Press: See displayed:
3fenter /MO K —>
Fxl: —>
8 |ENTER /1\ —> 35 . .
Using Factorials
The
12567 ] E'%
40 n!
In conjunction with
function permits you to handle-combinations and per-
mutations with ease. To caluclate the factorial of a
(] v 45 displayed number merely press
provides a simple way to extract roots. For example, O .-
find the cube root of 5.
50 Factorials can be calculated for positive integers from 0
Press: See displayed: through 59. Attempting to calculate the factorial of a
fractional on negative value is an improper operation
and will result in a blinking display. The equation is:
5 |ENTER /I\ ->
iprocal of 3 53 P(12,9) = —LZ
reciprocal o ) =TT 0N
3 [xd—> ’ (12 -9)t
cube root of 5
Oy —>
60 §olution:
Sample Case: Press: See displayed:
i i 2!
AssExme that a quy moves 6along a stralghF h{ne 12 [Jar =
acording to the equation S =% ¢ — 4¢. T. Determine its value is retrieved
velocity (V = 31° — 4) and acceleration (A = 15¢%) at ¢ 65 Ovrastx —> from previous opera-
= 2 seconds, where:
V=324 S
A=15-24 3!
. 600 |
Solution: O kl— oo 1]
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-continued

~

Solution:

Press: See displayed:

number of differ-

B—> 79833600.00 ent lineups possible

Sample Case 2, Combinations

Let a pair die be tossed 10 times. What is the proba- 10
bility that you will obtain the number 3 exactly 4 times
in the 10 tosses? The required probability is given by

the binomial law:

C'§ (1/6)* (5/6)¢ = C'§ 5%/6°

where: C'Y 10Y/416!

Solution:

Press: See displayed:

s [erer o O B> 5

o [enrer Mo O B> o
displayed

BH—> value
rounded to
zero

|

Fx}s —> extended to
4 decimal
places

Ex]2 —>

0[] bil—> 10!

b—>

40 kl—> 4

E—>

s —> 6!

E—> probability

Calculating Percentage Problems

The calculator simplifies the calculation of percent-
age problems because you do not hve to convert per-
cents to their decimal equivalents before using them;
just press the :

98

key

5 after keying in the percent value. Three types of per-
centage problems are handled:
Finding percentage of number (base X rate)
Finding net amount (base + or — percentage)
Finding percent difference between a number and a

base
(number — base/base).

Finding Percentage

To find the percentage of a number, key in the base
15 number and press

ENTER T .

Then key in the percent and press

20

25 %]

For example, to find 14% of 300,

30. Press:

ENTER /1\

See displayed:

300 1l —> [0 percentage

35

Finding Net Amount

An additional feature is that after finding the per-
centage, the calculator still contains the original base
number from which you may calculate the net amount
by simply pressing

40

Eor E.

45

respectively. For example,

Press: See displayed:
300 |ENTER /I\ 14 @] —=> percentage
net amount (base plus
E—% 342.00 percentage)
or
Press: See displayed:
300 |ENTER /1\ 1 —> [z percentage

B—>

net amount (base less
percentage)

258.00
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Finding Percent Difference Between Two Numbers

To find the percent differencee between a number Press: Contents Register
and the base, enter the base number and press : :
' o S ENTER /I\

exren AN, | .) —__é

(contents lost)

Enter the second number, press

A% . '
O When you press
15
For example, if you want to find the rate of increase of
your current mortgate payment ($240/mo) over what k.
you were paying in rent 15 years ago ($70/mo),
x is added to y, and the entire stack drops to display the
20 in X. Th thing h f
— Sec displayed: answer in X. The same thing happens for
% incre:
70 |ENTER /1\ 240 ] —> -Baz.86] e EJ. bdana _E'
25 ‘ S ‘ ,
Whenever the stack drops, ¢ is duplicated from T into
. : ' Z, and z drops to Y, as follows:
OPERATIONAL STACK |
‘Stack Registérs . " 30 ‘Press Contents Register
The calculator uses an operational stack and reverse ey g e ST

“Polish™ (Lukasiewicz notation.

The four temporary memory locations (number . z— \>z
registers)-arranged in the form of a vertical stack—are SR N\
y+x Jy—x |

called X (bottom register), Y, Z, and T (top register), 35 R y Y
respectively. « [yxx Jv/x | X
: Régister -
Contents Name - : : . a0 Look at the contents of the stack as we calculate (3
A T To avoid confusion between the | Pl 4).+ (5% (')). D'lrectly above the keys pressed you see
z z name of a register and. its con-~ the information in X, Y, Z and T after the keystroke.
y Y tents, the register is designated ’
X X by a capital letter and the con- MANIPULATING THE STACK

tents by a small letter. Thus,
X, ¥, z and t are the contents
of X, Y, Z and T, respectively. 45

NOTE . . ’ The key
The contents of the X register are always displayed. i =

When you key in a number, it goés into the X-regis-
ter—the bottom register and the only one displayed.
When you press

50 *“‘rolls down” the stack and lets you review the contents
(in last in-first out order) without losing data. It is also
used to reposition data within the stack. Here is what
happens each time you press

ENTER ’T‘ . , : ’ 55 @

this number is duplicated into the Y-register. At the
same time, y is moved up to Z and z is moved upto T
like this:

Press _ Content = Repgister



4,001,569

-continued
t T
z Z
y Y
X X
Example: e
Load the stack by pressing: | |ENTER /r 2 |JENTER /I\ 3 |ENTER /I\ 4. (The stack now
contains x =4,y =3,z=2,and t = 1). To review the contents of the stack press @
four times. The fourth @relums the stack to its original position (x=4,y=3,2=2
and t=1). Note: the stack is raised and t is lost when a keyboard entry or operation‘ )
follows @. unless that entry follows JENTER /F N , or .
The | x é E y |key exchanges x and y as shown below.
Press Contents Register
N f———>T
x\_/y zﬁz
y Y
X X
You will often find that x and y should be exchanged before a ‘E.‘ E. Operation.
PERFORMING COMBINED ARITHMETIC .
PROCESSES ' -continued
The calculator performs combined arithmetic opera- Press: See displayed:
tions —serial, mixed and chained calculations—with
’ 45 10 El—> 2800

ease.

SERIAL CALCULATION

Any time a new number is entered after any calcula-
tion, the calculator performs an automatic

ENTER /I\

on the result of the calculation. This feature permits a
serial calculation having intermediate results to which a
series of new values can be applied without your having
to write down or store any of the intermediate results.
For example, find the sum of 4, 6, 8 and 10.

Press: See displayed:
sJevrer MeEl—> e
s fll—> |

50

55

60

65

The same principle applies to serial multiplication,
division and subtraction too. Note that an equals key
(=) is not needed since results are displayed when a
function key is pressed.

CHAINED CALCULATION

Chained calculations can be used to find the sums of
produces (adding the results to two or more multiplica-
tion operations) or the product of sums (muitiplying
the results of two or more addition operations).For
example, if you sold 12 items at $1.58 each, 8 items at
$2.67 each and 16 items at $0.54 each, the total sale
price’is: ’ ‘ ‘

(12 X 1.58) + (8 X 2.67) + (16 X 0.54)

Press: See displayed*:
12 |ENTER /1\ 158 [x]—> 1896
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-continued

Press: See displayed*:

8 [ENTER /1\ 2.67 x]—>
E—=>

16 |[ENTER /I\ 54 [—>
B>

*interpreted as dollars ($)

MIXED CHAINED CALCULATION

Chain calculations can use any arithmetic
operator—divide and subtract as well as multiply and
divide. In addition, a problem may be calculated with
any combination of arithmetic operators in both nested
and linked operations. For example, to calculate

[{(IZX 5)—2}+{(8+ 2) + 10}] X (213.08 X 5+ 1.33) +2

Press: See displayed:
12 {ENTER /1\ sK]l—>
2El—>

8 [ENTER /]\ :E]—>
wE—=

El—>

213.08 |[ENTER /l\ 5 x]—>
133 (]—>

El—>

2El—>

LAST X REGISTER

The last input argument of a calculation is automati-
cally stored in the Last X register when a function is
executed. This feature provides a handy error correc-
tion device, as well as a facility for reusing the same
argument in multiple calculations-since it allows recall
of the argument by pressing

D Last X

The register is cleared only when the calculator is
turned off or when a new argument replaces (or over-
writes) the previous one.

10
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' DATA STORAGE REGISTERS

In addition to the operational stack and Last X regis-
ters, the calculator provides 9 registers for user storage.

UNRESTRICTED STORAGE
Registers Ry = R,

Registers R, —g4 can be used for temporary storage
without restriction. Values stored in these registers are
not affected by calculations or by clearing operations
New values are entered by writing over the old con-

tents; that is, by storing a new number. The contents
are lost, however, when the calculator is turned off.

RESTRICTED STORAGE
Registers R5; — Rg

Registers R; — Ry are used internally when perform-
ing summations using

and D XS5 .

When summations are not being performed, these reg-
isters may be used for general purpose storage. How-
ever, since registers R; — Rg are not overwritten by new
values, they must be cleared of existing values by press-
ing

[ cLear

before they are used in summations.

Register R,

Register Ry is required internally when performing
trigonometric functions and polar/rectangular conver-
sions; any values stored there will be lost. Otherwise,
register R, may be used for general purpose storage in
a manner identical to registers R, — R,.

STORING AND RECALLING DATA

To store a value appearing on the display (whether
the result of a calculation or a keyboard entry), press

STO

then press the number key

(D—Ig—_')

specifying the storage register. To retrieve the value
press

RCL |,

then press the applicable number key. A copy of the
recalled value appears on the display (X-register); the
original value remains in the specified constant storage
register. The number previously on the display is
loaded into the Y-register unless the keystroke immedi-
ately preceding
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ENTER 4\

(these keys do not cause the stack to be pushed up by
the next data entry).

For example, add 8, 20, 17, 43; store the result in R;;
and divide the individual numbers by the stored sum to 10
find what part each is of the total.

Ret] was EX] or E4]

5

4,001,569

106

to see what is now stored in register Ry,

Press: See displayed:

rf]—> r, —>dpley

Now, subtract the register contents (8) from a dis-
played value (make it 13) and store the result back in

Press:

bo 117 Has ]l >

ENTER ¢

See displayed:
8 total
fwol[1]—>
8 IZIE —> or 9% of total
20 DE —> 023 or 23% of total
17 DE% or 19% of total
43 EJE] —> 0.49 or 49% of total

PERFORMING REGISTER ARITHMETIC

Arithmetic operations (+, —, X, <) can be performed 35
between a data storage register and the X-register (dis-
play). To modify the contents of a storage register,
press

40
STO

followed by the applicable operator key
o v 45

(B85,
then the number key specifying the storage register.
For example, store 6 in register R, then increment it by

2. : 50

Press: See displayed:

the register R;. -

Press: See displayed:

s gl A ]—>
D% . r edisplay

13 — r, —>>R,

Conversely, to alter a displayed value without affecting
the stored value, press

RCL |,

the applicable operator, then the number key specify-
ing the storage register. For example, add the current
value stored in register R, (5.00) to a new entry (2).

Press:

See displayed:

» O @f ] —>

2+ 1, —>> display

Eaf]—— E5Tr —> dispey
¢ ol 1 —> 6 —>x, .
2 +1—>> 2.00 2+ 1, —>R,

Subtract the contents of register R, from a new entry
(11).
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Press: See displayed:

B 1 = r, ——>> display
B Jr, = display

n MEID——%
e[ ] ——>

R
Now combine several operations. ..

Press: See displayed:

3 > 3 _9R|)

2 o]+ | ——> o Je+n —>ro
35 Eo B | ——> G5 ___Ja3s+r —>>Ry

ke ] D —_— (200", —> display)

5 m.ﬂ ﬁ m(SXr. —édlsplay)

To use a storage register as a counter or tally register, you must set that

register to zero--either by clearing or by storing 0. To increment the counter,

use a Eopcralion sequence. To decrement the counter, press to change

the sign of the displayed value before continuing with the X Bsiequence.

METRIC/U.S. UNIT CONVERSION CONSTANTS

The calculator provides built-in conversion constants;

(accurate to 10 digits) for:
centimeters-to-inches and inches-to-centimeters. (l
inch = 2.540000000 centimeters)
kilograms-to-pounds and pounds-to- kllograms (l lb
= 0.453592370 kilograms). -
liters-to-gallons and gallons-to- hters
3.785411784 liters)
To use these constants, key m the measure to* be
converted, press

( l gal.

(]

then press the desired constant key followed by -the
applicable operator:

P

to obtain metric equivalents,

B,‘

to obtain U.S. equivalents. -
Note that it isn’t necessary to press

ENTER /r

after keying in'the ‘initial value; the HP-45. calculator
performs an automatic P

35

... 40

.. 45

50

55

60

65

ENTER 4\

when .a:-preprogrammed constant key is pressed or
when:a user stored constant is recalled. For example,

Press: See displayed:

l2D cmfin —->

E—> rorr— |

LOGARITHMIC AND EXPONENTIAL FUNCTIONS

The calculator computes both natural and common
logarithms as well as their inverse functions (antiloga-
rithms): :

is log. (natural log), kes log of value in X-
© regis! er to base e%i 71

' 'ls antilog, (natyral antilog); raises ¢
Siwer of £}

to the power of value in egister. ((T o dlsplay t?le

- value of e, press E.)

D is log,s (common log); takes log of value in X-

register to base 10

D is‘amilogw‘(commorl antilog)': raises 10 to the power of

value in X-register.
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STATISTICAL FUNCTIONS

The statistical function

X,8

is used to find the mean (arithmetic average) and stan-
dard deviation (measure of dispersion around the
mean) of data entered and summed. Options are pro-
vided to enable you to interact with and modify results
by adding new data or correcting errors. Also, the num-
ber of entries and sum of the squares-as well as the sum
of entries in two dimensions-can be obtained. Summa-
tion/averaging calculations also use the

2_
(sigma) key

to sum the numbers used in calculating means and
standard deviations. Because the

3t

uses storage registers R;~Rg, these registers must be
cleared with

[J cLear
before pressing

or errors could result.
Information is entered as follows:
Press

[ [ciear]

to assure that registers Rs~Rg are clear of previous data.
Key in each value and sum with

key.

To correct an incorrect value before it is loaded with
the

keystroke. press .

After the value is summed, correct by (a) reentering
incorrect value, then (b) pressing

Os- |
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followed by (c) entering correct value, and finally
(d) pressing

5+ |,
then continue entering values. The last

pressed provides the number of entries.
Press ’

O Ll

to obtain mean.
Press

=

to obtain standard deviation.

If there are more values to be included—say, if you
want to add to the data sample and modify result-
s—key in and press

after each.
Additional information is also available by perform-
ing steps 6 — 10 (in any order).

Press

to obtain number of entries.

Hto obtain sum of squares for X-register entries.

Press

Press

to obtain sum of X-register entries.

Press

Bto obtain sum of Y-register entries.*

Alternatively, press to obtain sum of X-register entries.

2>

and to obtain sum of Y-register entries.

*A Y-register entry is any value residing in the Y-register
at the time is pressed; e.g. if the entry sequence is

ns [ENTER] ne [Ex]

where: n; = Y-value
n, = X-value

TRIGONOMETRIC FUNCTIONS

The following trigonometric functions are provided:
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(sine)

(arc sine)
(cosinc)
(arc cosine)
(tangent)
(arc tangent)

To use the [SIN], and functions, key in the number and press the apprdpriate function

key. To use the arc functions, press D, then press the associated function key. For example,

find SIN ! (.866).

Press

866 []siINt' —>

See Displayed:

60.00 /degrees

Note that trigonometric functions use storage regis-
ter 9; any value stored there will be overwritten during
a trigonometric calculation.

Angular Modes

Trigonometric functions can be performed in-any
one of three angular modes: decimal degrees, decimal
radians and decimal grads—the latter being a 100th
part of a right angle in the centesimal system of measur-
ing angles. Note that trigonometric functions assume
decimal angles regardless of angular mode. To select a
mode, press

3

then press the associated key:

[DEG ) or [RAD ] or [GRD | .

The mode selected will remain operative until a differ-
ent mode is selected, or until the calculator is turned
off; when turned back on, the calculator automatically
defaults to decimal degrees mode.

Sample Case |

Find the cosine of 35°. If the calculator is not already
in degrees mode, press

O [oEc]

before performing the calculation.

Solution:

Press: See displayed:

35 [cos] —>

0.82

Sample Case 2
Find the tangent of 6 radians.
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Solution:

Press: See displayed:

—>

O Rabp]s [ran]

Sample Case 3
Find the arc sine of 0.5 in grads.

Solution:

Press: See displayed:

>  [mE3x]

O [crp].s [] siv

Degrees-Minutes-Seconds Conversion

Displayed angles can be converted from any decimal
angular mode to degress-minutes-seconds, in the for-
mat dd.mmss, by pressing

[J—>bwms .

Conversely, to convert an angle displayed in degrees-
minutes-seconds to the decimal equivalent in the speci-
fied angular mode, press

O poMs —>.

This feature is also useful in calculating problems deal-
ing with time (hours-minutes-seconds) too.
Note that the result of a

—>D.MS$
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Conversion is rounded to the nearest second both inter-
nally and on the display. Conversions involving angles
= 10° degrees are an improper operation.

Sample Case 1

Assume surveyor want to add 2 angles: 10° 8’ 56"
and 2° 17’ 42", These must first be converted to deci-
mal degrees before adding and then converted back to
degrees-minutes-seconds.

114

POLAR/RECTANGULAR COORDINATE
CONVERSION

Two functions are provided for polar/rectangular

s coordinate conversion. To convert values in X and

Y-registers, (representing rectangular x, y coordinates,

respectively) to polar r, 6 coordinates (magnitude and
angle, respectively), press

Solution:

Press: See displayed:

[0 [DEG Ji0.0856 []1DMS —> —>

decimal degrees

21742 D D.MS - > 2.30 decimal degrees
T decimal degrees
O —>bmMs > 12° 26* 38"

Sample Case 2

Find the arc sine of 0.55 in degrees mode and convert
to degrees-minutes-seconds.

Solution:
Press:

O [eec] 55 0] sIN-t ] —>

See displayed:

|33.37 |

decimal degrees

33°22'01""
O [Soms S |

Sample Case 3

Using the data from Sample Case 2, above, calculate
the arc sine of 0.55 in radians mode and-convert the
result to degrees-minutes-seconds.

(=]

Conversely, to convert values in X and Y-registers
(representing polar r, 6, respectively) to rectangular
coordinates (x, y, respectively), press

s O[]

Because polar/rectangular conversions involve trigo-

nometry, storage register 9 is used. Thus, any values

40 Previously stored in this register will be overwritten
when coordinate conversions are performed.

Sample Case 1

Convert rectangular coordinates (4, 3) to polar form
with the angle expressed in degrees.

Solution:
Press: See displayed:
O 3 |EnTER 1\ 4 9 magnitude
E > 36.87 .
xE y > angle in degrees
Press: See displayed: Sample Case 2
O &ap] ss (1] —> 'a‘i'a"s 60 Convert polar coordinates (8, 120°) to rectangular
33.2201 32270 coordinates.
0O |—oms —m—> -
Solution:
: Press:

See displayed:
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115
-continued . -
| 120 [ENTER /I\ 01— [ —> ‘ X-coordinate
— [6.03 ]
xE y > — Y-coordinate

By combining the polar/rectangular function with the
accumulation function,

>—

=+

you can add and subtract vector components. The sum
of these are contained in storage registers R; and Rg:

I+

To display the contents of registers R; and Rg, press

RCL

to obtain the sum of x-coordinates (register 7); then
press

2

to obtain the sum of y-coordinates (register 8).

OPERATING LIMITS
Accuracy

Accuracy specifications for the calculator dépend on
the operation performed. The elementary operations

B800m .8 w )]

have a maximum error of = 1 count in the 10th (least
significant) digit. Errors in these elementary operations
are caused by rounding answers to the 10th:(least sig-
nificant) digit. Percent

(E. )
and factorial
kD

functions are accurate to = 1 count in the ninth digit.
Values converted to degrees-minutes-seconds

Bl
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‘number

are rounded to the nearest second.
An example of round off error is seen when evaluat-

_ing (V..5)% Rounding V" 5 to 10 significant digits gives

2.236067977. Squaring this number gives the 19 digit
product 4.999999997764872529. Rounding the square
to 10 digits gives 4.999999998. If the next larger ap-
proximation (2.236067978) is squared, the result is
5.000000002237008484. Rounding this number to 10
significant digits gives 5.000000002. There simply is no
10-digit number whose square is 5.00000000.

Accurcy specifications for operations using the mean
function '

(x5 )

depend upon the data used and number of entries.

The accuracy of the remaining operations (trigono-
metric, logarithmic and exponential) depends upon the
argument. The answer that is displayed will be the
correct answer for an input argument having a value
that is within =N counts (see table below) in the tenth
(least significant) digit of the actual input argument.
For example, 1.609437912 is given as the natural log of
5. , :

However, this is an approximation because the result
displayed (1.609437912) is actually the natural log of a
between 4.999999998 and 5.000000002
which is =2 counts (N = 2 for logarithms) in the 10th
(least significant) digit of the actual input argument.

Table

Values for N

OPERATION VALUE OF N
2%
x, [ix] x, and ]
trigonometric Khi
E 4 for y, and 7 for x
7

= B 4

*Logarithmic operations have an additional limitation of *3 counts in the 10th
(least significant) digit in the displayed answer.

**Trigonométric operations have an additional accuracy limitation of =1 X 10~%in
the displayed answer.

Underflow and Overflow Display Formats

To ensure greater accuracy, the calculator performs
all calculations using a ten-digit number and a power of
10. This abbreviated form of expressing numbers is
called scientific notation; i.e., 23712.45 =2.371245 X
10* in scientific notation.
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If a number is too large for the display format speci-
fied, the calculator automatically displays the number
in scientific notation. For example, if you keyed in 100,
and pressed

4,001,569
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Division by zero

5 y where Y (o]
= ]
, where X<O
the calculator will display the number in scientific nota- | [x] where x=0
tion because there isn’t enough room to display 8 digits nl  where n < | and > 69
after the decimal point -
Press: See displayed: 15
APPENDIX A. KEYBOARD SUMMARY
8 KEY FUNCTION/OPERATION
Power switch
100 |[ENTER /I\ —> 1.000000000 02 OFF [zJoN
. 20 v Exponential
[E Reciprocal
Numbers whose magnitude is less than 1, and are too ) Common logarithm
small to be displayed in the specified log .
Natural logarithm
25 InJ
. Common antilogarithm
format , 107
Natural antilogarithm
are displayed as zero. For example, the number o SCi e ot
0.000396 is displayed in 3 Fixed point notation display mode
p play
Gold key; alternate
D function
3 format: Square root of x
35 W
Press: See displayed: x squared
3 Polar-to-rectangular conversion
—>R
.000396 [ENTER /]\ —> [c.000 40 @ Rectangular-to-polar conversion
[sa 3 —> 3.960 0.4 SN Arc sine
6 —> 0.000396 Ex] Sine
45 Arc cosine
cos™!
When a Cosine
Arc tangent
TAN !
SCI setting 50 Tangent
TAN
, Factorial
. . ni
is used, values are displayed rounded to the number of Exchange x and y
decimal places specified. Values having a magnitude of
=z 10!% are displayed as = 9.99999999999. Values X $Y
having a magnitude of < 107% are displayed as zero. 33 Mean. standard deviation
X.s
lmproper Operat\ons Roll down stack
If you attempt a calculation containing an improper g’ '
operation—say division by zero—an error signal is 60 Convert to degrees-
triggered and a blinking display appears. To clear, press —>D.MS minutes-seconds
Store value in R(n=1,2, ..., 9)
5TO
Convert from degrees-min-
CLX utes-seconds
65 D.MS"‘%
Recall stored value from R, (n=1,2, ..., 9)
or any other key that doesn’t trigger another error. Percent difference
A% '

The following are examples of improper operations:
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-continued

APPENDIX A. KEYBOARD SUMMARY

KEY FUNCTION/OPERATION
x percent of y
™ p
Degrees mode
DEG
Copy x into Y
ENTERT
Radians mode
RAD

Change sign

B

Grads mode
GRD

Enter exponent

i
bad

Clear stack and Ry - Ry

CLEAR
Clear X
B Subtract
i Add
Multiply
] Divide

Centimeters/inches

cmfin conversion
Kilograms/pounds
kg/lb conversion
Liters/gallons
Itr/gal conversion
Recall last x argument
LAST X
Pi constant (3.14 ... .)
T
s Decrement summation
Summation

Numeric key set

[oJ 61,13

We claim:

1. An electronic calculator comprising:

an input unit including a plurality of manually opera-
ble non-numeric and numeric keys for entering
information and numbers into the calculator;

a first memory unit coupled to the input unit and
including a first storage register for storing a first
number in units of decimal degrees having an inte-
ger portion and a decimal portion received there-
from, said integer portion referring to all digits to
the left of the decimal in conventional decimal
notation and said decimal portion referring to all
digits to the right of the decimal in conventional
decimal notation;

a processing unit coupled to the input unit and the
first memory unit and including means for convert-
ing the first number to a second number having
first, second, and third parts representing said first
number in units of degrees, minutes, and seconds
respectively by multiplying the decimal portion of
the first number by a preselected factor to provide
a first result having an integer portion and a deci-
mal portion and for multiplying the decimal por-
tion of the first result by said preselected factor to
provide a second result having an integer portion
and a decimal portion; and

5

15

20

25

30

35

40

45

50

55

60

65

120

an output display unit coupled to the processing unit
for providing a visual display of the second num-
ber;
said first part of *'.c second number being the integer
portion of th first number and appearing to the
left of the de- mal in said visual display; '

said second pa. of the second number being the
integer portion of the first result and appearing in
said visual display as the first two digits to the right
of the decimal;

said third part of the second number being the inte-

ger portion of the second result and appearing in
said visual display as the second two digits to the
right of the decimal.

2. An electronic calculator as in claim 1 wherein the
preselected is the number 60.

3. An electronic calculator as in claim 1 wherein:

said first number has first, second, and third parts

representing units of degrees, minutes, and second,
respectively;

said second number has an integer portion and a

decimal portion representing units of decimal de-
grees; and
said means are effective for converting the first num-
ber to the second number by dividing the second
part of the first number by the preselected factor to
provide the first result and for dividing the third
part of the first number by the preselected factor to
provide the second result;
said integer portion of the second number being the
first part of the first number and appearing to the
Jeft of the decimal in said visual display;

said first two digits of the decimal portion of the
second number being the integer portion of the
first result and appearing in said visual display as
the first two digits to the right of the decimal,

said second two digits of the decimal portion of the
second number being the integer portion of the
second result and appearing in said visual display as
the second two digits to the right of the decimal.

4. An electronic calculator as in claim 3 wherein the
preselected factor is the number 60.

5. An electronic calculator as in claim 3 for convert-
ing a first number in units of inches to a second number
in units of centimeters wherein:

first memory unit further includes a second storage

register for storing a first preselected conversion
factor; and

the processing unit includes means responsive to

actuation of one or more of the keys of the input
unit for automatically multiplying the first number
by said first preselected conversion factor to obtain
the second number, and for causing the output
display unit to provide a visual display thereof.

6. An electronic calculator as in claim 5 wherein

the first preselected factor is 2.540000000.

7. An electronic calculator as in claim 3 for convert-
ing a first number in units of gallons to a second num-
ber in units of liters wherein:

the first memory unit further includes a second stor-

age register for storing a second preselected con-
version factor; and

the processing unit includes means reponsive to actu-

ation of one or more of the keys of the input unit
for automatically multiplying the first number by
said second preselected conversion factor to obtain
the second number, and for causing the output
display unit to provide a visual display thereof.
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8. An electronic claculator as in claim 7 wherein the
second preselected factor is 0.453592370.

9. An electronic calculator as in claim 3 for convert-
ing a first number in units of pounds to a second num-
ber in units of centimeters wherein:

the first memory unit further includes a second stor-

age register for storing a third preselected conver-
sion factor; and
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the processing unit includes means responsive to
actuation of one or more of the keys of the input
unit for automatically multiplying the first number
by said third preselected conversion factor to ob-
tain the second number, and for causing the output
display unit to provide a visual display thereof.
10. An electronic calculator as in claim 9 wherein the
third preselected factor is 3.785411784.
* * * *® *
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Column 1 of the Title page, after "[75] Inventors:
Please add the names ~=-David S. Cochran, Palo Alto; Chung cC.

Tung, ganta Clara, Calif, --.

Column 2, line 52, "Rom'0-7" should read ~-ROM's 0-7--;

Column 6, line 66, the word "and", first occurrence,
should be deleted and insert the word --at--;

Column 8, line 48, the word "the", second occurrence,
should read --The--;

Column 10, line 12, following the word "circuit" insert
-=-20~-;

Column 19, in the Table appearing at the top of this
column the line which reads

"0 1001 A=————as-B 1 1001 +————pB "

A
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0 1001 A———B 1 1001 A<*———B-—;
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Column 19, in the Table appearing at the top of this
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"0 1010 A-C ——C 1 1010 A-CT—— =
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-- 0 1010 A-C——C 1 1010 A-C ———+A--;
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"ecircuits";
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word --number--;

Column 29, line 45, "3,56789" should read --3.56789--;
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Column 89, line 31,

" __%> 3.00 last input argument"
Lasévg

should read

[ {JtastxJ; »  [3.00 ] last input argument --3

]~ = = e

Column 89, line 43, "Last X" should read —-- ;Last X! -=;

- - - - .

Column 89, line 59,

. retrieves last number
Last xl—> 3.00 displayed preceding
operation (division)"

should read

—_ ! retrieves last number
'|Last ""5} 3.00 displayed preceding
operation (division)--;
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It is certified that error appears in the above—identified patent and that said Letters Patent

are hereby corrected as shown below:

Column 89,

Last x

should read

line 63,

"

1 )

JLast x T‘%> 3.00

t e ——
Column 90, line 4, "Last x"
Column 90, line 16,

Last x —> 3.16

should read
| f—m—— |
|Last x T—{} 3.16

3.00

retrieves last number
displayed before oper-
ation (multiplication)"

retrieves last number
displayed before oper-
ation (multiplication)--;

should read -- ; Last x, =--;

retrieves last
number displayed
preceding
operation"

retrieves last
number displayed
preceding
operation --;
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E—éél— -}3 —_— 1.235 02]--;
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Column 93, line 68, "1(1/3 + 1/6)" should read

—— l .
1/3 + 1/6
Column 24, line 20, " v;f" should read
—— I—_—_| —_;
Vx .
Column 94, line 28, "¢ V;. ; 4.00 "
should read ~~16 :--;_ all 4.00 .
W > '
Column 94, line 38, " V;' 5 2. 00 "

should read--

'Vx_ [i—> |[2.00 --

Column 94, line 63, " " should read =-- X || ==
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Column 95, lines 5-6,"2 ENTERT 9 ¥ "
==y [512.00 |
should read --2 ENTER T 9 :I_Yx ! -
1 = I
Column 95, line 22, " ¥* ," should read -- .Y 1, -=;
: —>[I3.62 ]
Column 95, line 38, "1.2567 &ﬂ

should read -- 1'2567[-_}:YX,
|

’

Colum 95, line 45 "| IZX ], ¥¥ " should read -- IZZx |, :;-}.{‘:

cube root of 5
Column 95, line 58, " v—> (1,71 | "
-- T o% . be root of 5
should read K S cube -
=5l
Column 96, line 5, " |Y'| " should read-!|Y" | --;
| =
Column 96, line 12," Yx " should read -- IYX{ -

!
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Column 96, line 23, "m" should read --im, -=;

Column 96, line 32, " m" should read -—!}Q -—;

Column 96, line 40, "n!" should read -- E%E -3

Column 96, line 47, " n!" should read
[P

Column 96, line 51, "59" should read --69--;

Column 96, line 63, "12 [:Jn!" should read

Column 96, line 64, " Last X" should read
- O -
Column 96, line 68, " [:] n!? " should read

[ il |

l '
-- ntfi --;
L 4

Column 97, line 22, " 5‘ enTErM| 6 v* |5[15625.00]

i |
X 6

=
should read -- 5|ENTERP] 6 D: y _i—) 15625.00 5 =—;
[ 9.
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Column 97, Iine 25, "6 ENTEﬁT 10 y2 " should
i -
read --6 |ENTER 1| 10 ! yz: --;
Column 97, line 34, "10 [:] n! " should read
--10 AT,
Column 97, line 37, "4 n!| " should read
r:_‘_‘: o
--4 :Ln!. -
Column 97, line 40, "6 [ | [nf] " should reaa
A—_”--i
-6 i Y1 -
i
Column 99, line 3, "differencee" should read
--difference--;
Column 99, line 14, "[ | A% " should read
—— -y
== I_J L A% --;
"""" N
Column 99, line 24, " | A% " should read -- : A% |
e T - =

Column 99, line 32, " (Lukasiewicz" should read

-— (Lukasiewicz)--;
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Column 103, line 64, "[:] Last X" should read

- Last X -

___-__J

Column 104, line 8, "R%" should read ==Ry==;

- =~
Column 104, line 22, "x,s" should read -- LX,8, ~-—;

Column 104, line 32, "CLEAR" should read -- ! CLEAR'

Column 108, line 43, "cm/in" should read -- LLqm/iqj

r____(;_o}umn 108, line 62, " | log| " should read
Column 108, line 65, " |10¥| " should read --u:__l__f‘_
Column 109, line 7, "X,s" should read --é:é;é] -—;
Column 109, line 34, "CLEAR" should read -- | CLEAR]

’____99}%Wn 109, line 46, " | CLEAR{ " should read

-~ ! [omaax]} -

l-_h_ééfﬁkn 109, line 67, " - " should read -- [}}j -~

Column 110, line 17, "| x,s |" should read

'—....___|

g T

15
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are hereby corrected as shown below:
Column 110, line 55,
Column 111, 1line 19,

Column 111, 1line 42,

T l—““‘

i ' .
read ==l DEG | l L

Column 111, 1line 55,
Column 112, line 28,

Column 112 line 39,

-—-—-— '____

read --[:];IGRle 5[:]'SIN

Column 112, 1line 50,
__; ! .
- _D.M_S__r T

Column 112, line 58,

Column 112, 1line 66,

— o - e . —

Column 113, 1line 15,

Column 113, 1line 15,

Column 113, 1line 17,

" X+]" should read -- Z+ -—

"SINl" should readq -- SINl' -

" |DEG | or | RAD] orIGRDI " should

" " should read -—E :' ——

i !
" " should read -- L_IEAD_IJ -

I:]m GRD |.5[] sl v shoulg

-1 a

i —_;

"—>D.Ms ." should read
"D.MS—>» _n should read

" —» D.MS" should read

, == -
"| DEG|" should read —-; ‘DEG

— e — — ——
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Column 113, line 21, " —>D.MS" should read "LT?ZE'MSj";
- = -
Column 113, line 33, "IDEGI" should read -—:lDEGE -
——T7 S
Column 113, line 33, “ISIN- | " should read --i [ _SIN | -
. " "
o _go}qwn 113, line 35, I—ﬁ>D.MS should read
-= ]j D.MS: --;
______ - ——a
Column 113, line 60, " [RAD| " should read -- LI—FA;D_U -—;
Column 113, line 60, " | SIN 1| " should read
ey |
-t [ stn7Yl -
| e e |
Column 113, line 62, "l——aD.MS " should read
r - --- !
--[—D.Ms! -,
Column 114, line 35, " —»R | " should read
r— - =
{ i
~l=zal - - i
e — ) }
Column 114, line 50, "l DEG[ " should read --f DEG| | =-—;
L———
: n "
Pﬁ__QPEumn 115, line 45, VG:’ should read
] |
BN IRY, | T
I_____x__i
rf__ugg}gmn 115, line 45, "[‘DMS—%>| " should read
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are hereby corrected as shown below:

Column

--( [>=>Dp.Ms !

Column
Fo
== (LX_IE_: ) -3
Column

Column

Column

Column
Column
Column
Column
Column
Column
Column
Column

Column

115,

116,

11s,
1lle,

11s6,

117,
118,
118,
118,
118,
118,
118,
118,
118,

line

line

line
line

line

line
line
line
line
line
line
line
line

line

66,

27,

47,

53,

55,

27,
30,

"d-"é'D.MS[)" should read

"(X,s)" should read
e
"|log] " should read -- | | log _J——;
" Xl " :‘ ;:-X... | "
107 " should read __'_LEQFJJ_—'
" I——4> l" should read
"SCI 3" should read -- L_p}j_} -
r~———m-
" |¥®|" should read -- L y* il
"y 0" should read --Y < O--;
r— - =l
n n —_ |
.Vx should read !_W/x | ;
" n! " should read -~ rﬁi—;--;
[ et |
"y*" should read -~ y* i,
"log" should read -- L{gg} -—;
"10%" should read -- L{ij --;
"SCI" should read -- ng;_;—-;
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Column 118, line 38, " —> R" should read

Column
Column

Column
r==-1"

-- ' X,8! =-=;
k— 1

Column

118, line 43, "SIN~

118,
118,
118,
118,

118,

118,

119,

119,

line
line
line

line

line

line

line

line

line

Lo should read

1 [ Il

- 1 -
46, "COS " should read -—i_ggg_,j -
49, "TaN " should read --L_TAN:{; -~;

T
52, "n!" should read -- ng --;
57, "X,s" should read
61, " —> D.MS" should read
65, "D.MS—> " should read
68, "A%" should read -- {E}] ~—
7, "DEG" should read -- |DEG! --;
. -

12, "RAD" should read -- ! RAD' --;

Sihakingit |
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Column 119, line 15

Column

Column

——
ltr/gal! --;

—_—
LS.

Column
Column

Column

[SEAL)

119, 1line

119, 1line
119,

line

119, line

119, line
119, 1line

119, line

Attest:

’

18,

27,

29,
31,
32,

34,

36,

Attesting Officer

|

"GRD" should read ==} GRD @ --;

"CLEAR" should read

"em/in" should read -- fcm/in

[—_—
: s

"kg/1b" should read

"ltr/gal" should read

' ]
"LAST X" should read -- Lpggi_xi--
"m" should read —-; wi --; and
"I-" should read --' I-"' —-,

Signed and Sealed this

Third Day of July 1979

LUTRELLEFZPARKER

Aa&g(hnm&ﬁmuvqfﬂﬂmusamfﬁmﬂmmﬂuJ



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,001,569 Page 1 of 15
DATED . January 4, 1977
INVENTOR(S) : Peter D. Dickinson et al.

Hmcmmwdmammrwmmsmmeww&JMMWMpmmtmdmmSMdLamdemt
are hereby corrected as shown below:

Column 1 of the Title page, after - "[75] Inventors:
please add the names --David S. Cochran, Palo Alto; Chung C.

Tung, ganta Clara, Calif. --.
Column 2, line 52, "Rom'0-7" should read ~-~ROM's 0«7=-;

Column 6, line 66, the word "and", first occurrence,
should be deleted and insert the word --at--;

Column 8, line 48, the word "the", second occurrence,
should read --The-~;

Column 10, line 12, following the word "circuit" insert
-=20--;

Column 19, in the Table appearing at the top of this
column the line which reads

"0 1001 Ameemte- B 1 1001 D —— - T
A
should read --

0 1001 A——B 1 1001 A<+———+B-—;
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Column 19, in the Table appearing at the top of this
column the line which reads

"0 1010 A-C =——C 1 1010 o A—Tz‘“‘;&"
should read
—— 0 1010 A-C —C 1 1010 A=C ——A--;
Column 20, line 6, "U V" should read -- U 2V--;

Column 22, line 34, delete the comma after the word
"circuits";

Column 26, line 34, "0 D1S7)" should read --0 (D1S7)--;
line 41, "D1s4" should read --D1S4--;

Column 28, line 62, after the word "last" insert the
word ~-number--; '

Column 29, line 45, "3,56789" should read ——3.56789——;
line 47, the word "exaple" should read --example--;
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b Column 89, line 31,
" >, 3.00 last input argument"
Last Q
*.' should read
-] ?115§§_X~|Z_ » [3.00______] last input argument --}
[l
F’ Column 89, line 43, "Last X" should read -- ;Last X! ==

Column 8%, line 59,

. retrieves last number
P Last x—> 3.00 displayed preceding
operation (division)"

should read

' ® —- I : retrieves last number

'Last [‘“;> 3.00 displayed preceding
=== . operation (division)--j;
]
®
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It is certified that error appears in the above—identified patent and that said Letters Patent
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Column 89, line 63,

*® - retrieves last number

" Last x -—€> 3.00 displayed before oper-
ation (multiplication)"

should read

o — retrieves last number
JLast x T—%> 3.00 displayed before oper-
= - == ation (multiplication)--;

o Column 90, line 4, "Last x" should read -- ,].:.a;st.: .x_: -
Column 90, line 16,
" retrieves last
A Last x [ 3.16 number displayed
preceding
operation"
should read
® | ey retrieves last

- i|Last x -T—§> 3.16 number displayed
= preceding

operation --;
®
®
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Column 90, line 39, "is" should read --it--;

— -,

Column 91, line 20, " SCI" should read -- :SCI I==:

Column 91, lines 34 and 36,

scr | 6 e 1.234560 02

scI |3 —_— 1.235 02"

should read

—| Iilscr lie —M> 1.234560 02

— — .

sc1 |13 —> 1.235 02]--;

Column 93, line 8,

w
" SCI | 6 —> 1.923077 04

should read

) ' > i ' :
- 1 SCI]: 6 (_1.923077 04 --;
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Itis certified that error appears in the above—identified patent and that said L etters Patent
are hereby corrected as shown below: '

Column 93, line 68, "1(1/3 + 1/6)" should read

P 1 .
1/3 + 1/6
Column 94, line 20, " v;r" - should read
- =", ==
V.
Column 94, line 28, " g4 v;‘ > 4.00
should read -- i-anll ’ e
16 ‘\/:? . —> | 4.00 ;
Column 94, line 38, " ¢;' > [2.00 "
Im = = ==
should read-- : v;‘ : 3 2.00 -
Column 94, line 63, " Y " should read -- X I ——
u 1
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« [512.00
Column 95, lines 5-6,"2 ENTE:R']‘ 9 oX 4 "
should read --2|mmer 11 9 E[lx__;—é 2 —3
Column 95, line 22, " Y* ," should read -- ;f‘_' ;==
Column 95, line 38, "1.2567 @~>@: "
should read -- 1.2567 EY;-T_’ Bt ] _

Colum 95, line 45 "] ;Zx ], ¥* " should read -- !le |, :YX:

cube root of 5
Column 95, line 58, "| | Y—> .71 } n
—_ s : be root of 5
should read .Yx_! > cube —-—
ol
Column 96, line 5, " |Y " should read--1|Y [ ==
| ——
Column 96, line 12, " YX| » should read -- X =i
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Column 96, line 23, "7 " should read ——imy ==

Column 96, line 32, "7 " should read —-!}3 -

Column 96, line 40, "n!" should read -- inl --;

Column 96, line 47, " n!" should read
[

Column 96, line 51, "59" should read --69--;

Column 96, line 63, "12 [ |n!" should read

--12 Inlt-—;

Column 96, line 64, " Last X" should read

S =

Column 96, line 68, " [:] In!v " should read

el |

i i
- ntfi --;
L 4

Column 97, line 22, " 5| enterT| 6| | |v* |olL5625.00

should read -- 5|ENTERP 6[:]: yx_?é 15625.00 56——;

-
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It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:
- n 2 n
Column 97, Iine 25, "6 |ENTEH)] 10 A E should
* I f”“i'}
read --6 [ENTER || 10 I A
Column 97, line 34, "lOI l [n!l " should read
—-10 Hng] i o |
’ ———a L
Column 97, line 37, "4 n!} " should read
==
—-4 Y] —
b Column 97, line 40, "6 n! " should read
—-6 A ET
D L :
Column 99, line 3, "differencee" should read
--difference--;
Column 99, line 14, " A% " should read
- AT
- e
5 Column 99, line 24, " | A%| " should read —- s i ==
Column 99, line 32, " (Lukasiewicz" should read
--(Lukasiewicz)--;
®
]
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It is certified that error appears in the above-identified patent and that said Letters Patent
are hereby corrected as shown below: '
Column 103, line 64, " Last X" should read
® j——— - i
- i Last X | -=;
Column 104, line 8, nrédr should read ——R4——;
Column 104, line 22, "x,s" should read —- | x,s! --;
9 — -
Column 104, line 32, "CLEAR" should read -- }_ CLEAR, --;
gtiially :
Py =T
Column 108, line 43, "cm/in" should read -- L:_q /ini! --
° |
Column 108, line 62, " | log| " should read
- == -
| |
g1 FT T
Column 108, line 65, " 10%| » should read —-L_;Ox j——,
P Column 109, line 7, "X,s" should read -- E_ §‘<!§_§ -
| S
Column 109, line 34, "CLEAR" should read -- ;_C_LgéRJf -
b Column 109, line 46, " | CLEAR| " should read
_———— - ]
- [czma]! -
pp— PR, _.
Column 109, line 67, " - " should read -- '__Z_—_: -—;
Column 110, line 17, "| x,s |" should read
[ S ——
—— ] -
e NN
@
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Itis certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

Column 110, line 55, "|[X+ |" should read —--|I+|--;
® [
Column 111, line 19, "SINl" should read --:_~S;N_]'J" --;
Column 111, line 42, " IDEGI or orIGRDl * should
. P Qi r——
‘read --—;‘*EE_G”: or :J_R.i\D_ ": or :_‘-(iRl_? _l: == o
. \ |
Column 111, line 55, " " should read --! [DEG]! --;
Column 112, line 28, " " should read --i [ raD I‘; -—;
L Column 112, line 39, [ |[GrD |.5[ ] smn~! " should
. [ | ]
' ] -1 ‘
read -- [JiferD]! .5 |sty "} --;
Column 112, line 50, "—> D.MS ." should read
| o el 1
-= > _D.MS .} --;
s
Column 112, line 58, "D.MS—> ." should read
s - i
i DMS——>_ . -
- Column 112, line 66, " —» D.MS" should read
®~———--- —
==_——>_D.MS | --;
_______ | ===
Column 113, line 15, "| DFG|" should read --! [DEG || --;
h Column 113, line 15, "D.MS—" should read --; D.MS—>, --;
= ==
Column 113, line 17, "D.MS—> " should read --'D.MS—:' --;
]
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Itis certified that error appears in the above—ldentlfled patent and that said Letters Patent
are hereby corrected as shown below:
—————
Column 113, line 21, " —>D.MS" should read ——_-:—>_D MS‘--
‘ == 5T 7"
Column 113, line 33, "[DEG|" should read --!'|[DEG| --;
_ L=t ==
Colurmn 113, line 33, "|SIN ~|" should read --f STN L bemg
; Column 113, line 35, "| —D.MS " should read
. [ el el | .
== I_lMS' ==
—————— . it
s ” ”n !
Column 113, line 60, IRADl should read -- E_l_ B%D_l_: »---
L *___C_c_)lumn 113, line 60, " SIN"'l " should read
— SIN—l: -—;
I e | A .
Column 113, line 62, "|—>D.MS " should read
= - - ]
hI——:l-—»D.Ms' —;
| Column 114, line 35, " | —» R | " should read
= =
v 1
g =) - ey |
Column 114, line 50, " I DEG] " should read -—E_I DEG[ b=
8 -
P__(io_llumn 115, line 45,‘ ‘F_x should read
l I
S 3
Column 115, line 45, " | DMS—> " should read
, r=—=- -
- DMS——?B -
@
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are hereby corrected as shown below:

N - Column 115, line 66, "(|—> D.MS]|)" should read
R _
--( [==>Dp.ms ) -=;

Column 116, line 27, "(¥,s)" should. read

-
Column 116, line 47, "[log] " should read -- | [log] --;
| L ==
Column 116, line 53, "[10%| " should read --' [10%]|--;
> Column 116, line 55, " l—-) l“ should read
Lol |
—_E— ~——3 R ; == »
(==l I
Column 117, line 43, "SCI 3" should read -- !SCI; 3 -+
M —_—
Lb ~ Column 118, line 5, " [Y|" should read -- ' |¥X|! —-;
Column 118, line 5, "Y O" should read --Y < O--;
‘ == =
: " 1 _ |
Column 118, line 7, -\/x I should read ' W/x |
P Column 118, line 11, " n! " should read -- en"—;——;
[ it |
Column 118, line 20, "y*" should read - a L=
Column 118, line 24, "log" should read -- | log; --;
s Column 118, line 27, "10%" should read -- | 10%} --;
Column 118, line 30, "SCI" should read —-- ., SCI i --;
®




4
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Itis certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below: '

® Column 118, line 38, " ——> R" should read
—-L T2 RI - |
Column 118, line 43, "SIN '" should read
g—-lsmtlo
Column 118, line 46, "Cos™l* should read -- s_g(_)_g___l_z
Column 118, line 49, "TAN 1" should read —-! Tan "L
® Column 118, line 52, "n!" should read -- E:;g:_l ==
Column 118, line 57, "X,s" should read
- -
® Column 118, line 61, " —> D.MS" should read
e —
_____ golumn 118, line 65, "D.MS—> " should read
e 5_‘3;1‘_45:-:’_E - |
Column 118, line 68, "A%" should read —- |A% . —-;
Column 119, line 7, "DEG" should 'read - ;:DEE:—E;:; -
. Column 119, line 12, "RAD" should read -- | RAD| --;
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It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:
T T T
® Column 119, line 15, "GRD" should read --! GRD ! --;
Column 119, line 18, "CLEAR" should read
[
- U
| CLEAR | --;
® Column 119, line 27, "cm/in" should read -- Ecm/in;--;
Column 119, line 29, "kg/1b" should read
- [ko/lb]} - |
Column 119, line 31, "ltr/gal" should read
————
-- gltr/gal; -3
Column 119, line 32, "LAST X" should read -- ' LAST X)-+
Column 119, line 34, "m" should read -- 5_1_T_E --; and
[ i |
? Column 119, line 36, "I-" should read -- . I- | --.
Signed and Scaled this
@ . Third Day of sy 1979
[SEAL]
. Attest:
8 ' - ~ LUTRELLE F. PARKER
Attesting Officer Acting Commissioner of Patents and .1‘ rademarks |
@




