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(571 ABSTRACT

A battery-powered hand-held programmable calcula-
tor for performing arithmetic, trigonometric and loga-
rithmic functions and displaying the results thereof is
provided with the capability of being fully programma-
ble including branching based on data value. Absolute
line number addressing is provided. Program line num-
bers and the key code associated with an executable
step are displayed. The top of the programmable mem-
ory is configured as a nonexecutable line correspond-
ing to an automatic stop and all other programmable
lines are initially programmed upon start up as being an
automatic branch to the top of the memory. Key codes
representing a plurality of actuated keys corresponding
to a branch instruction are merged to require only one
program line in memory.

21 Claims, 7 Drawing Figures
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PORTABLE PROGRAMMABLE CALCULATOR
DISPLAYING ABSOLUTE LINE NUMBER
ADDRESSES AND KEY CODES AND
AUTOMATICALLY ALTERING DISPLAY
FORMATS

BACKGROUND OF THE INVENTION

This invention relates generally to calculators and
more particularly to programmable electronic calcula-
tors in which keyboard operations become program
instructions. In this particular type of calculator no
special language is required. When a key is pressed one
program step is completed. Programmable electronic
calculators generally utilize memories which enable
them to store instructions and data for repetitive and
iterative solution. In order to enter the program into
memory the user depresses the calculator keys in a
given sequence. The result of each sequence step may
be displayed for the convenience of the user as he
progresses through his calculation. The key code for
each program step may also be displayed. Key codes

10

5

20

generally are alphanumeric representations of the keys -

on the keyboard. If the user wishes to modify or edit his
program after initial entry into memory he must pre-
cisely determine to which key he should return in order
to implement the change. To make that determination
for calculators constructed according to the prior art,
the user had to refer to a separate machine unique
association table and a program to determine the spe-
cific key to depress relative to a particular program
step.

For programming convenience key codes and pro-
gram line numbers should be easily interpreted by a
user. An object of this invention is to improve the ease
of program debugging and editing by introducing a
programmable calculator which displays a key position
on the keyboard and absolute program line numbers. A
further object of this invention is to provide a calcula-
tor having a convenient way for a user to get to the top
of memory and eliminate the need for an AND key or
a RETURN key. The invention provides a programma-
ble calculator having preprogrammed branch instruc-
tions to the top of memory.

A further object of this invention is to provide a
calculator wherein a user can program a branch in-
struction to another place in the program by merely
actuating a single key and entering a line number ad-
dress of the branch destination. Another object is to
increase the utilization of available program memory
by merging key codes representing a plurality of actu-
ated keys corresponding to a branch instruction.

A further object is to provide an improved error
display wherein the invention displays and flashes the
contents of a register within an operational stack.

Another object is to provide an improved display
wherein the invention automatically changes its format
when in underflow or overflow.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view of a calculator according to the
preferred embodiment of the present invention.

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

FIG. 3 is a representation of the contents of seven
storage registers used as a program memory in the
calculator of FIG. 1.

FIG. 4 shows a flow diagram for the programming
features of the calculator of FIG. 1.

25

30

35

40

45

50

55

60

65

2

FIG. 5 shows a flow diagram for implementing
branch instructions in the calculator of FIG. 1.

FIGS. 6A and 6B illustrate a number to be displayed
in normalized form and a flow diagram of a display
generating routine providing an automatic change in
display format.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGS. 1 and 2, there is shown a pocket-
size electronic calculator 10 including a keyboard input
unit 12 for entering data and instructions into the 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 QUAD ROM?’s 1, 2 and 3), an MOS arith-
metic and register circuit 20, a bipolar clock driver 22,
a solid state power supply unit 24, and MOS auxiliary
data storage circuit 28,

The 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 one hundred milliwatts for all
three circuits). They are organized to process fourteen-
digit BCD words in a digit-serial, bit-serial manner. The
maximum bit rate or clock frequency is 196 kilohertz,
which gives a word time of 280 microseconds (permit-
ting a floating point addition to be completed in 60
milliseconds).

Control and timing circuit 16, read-only memory
circuit 18, arithmetic and register circuit 2, and data
storage circuit 25 are tied together by a synchroniza-
tion (SYNC) bus 26, an instruction (I,) bus 28, a work
select (WS) but 30, an instruction address (I,) line 32,
and a carry line 34. All operations occur on a fifty-six
bit (by—bss) word cycle (fourteen four bit BCD digits).
The timing sequence for the interconnecting busses
and lines 26-34 are as shown in FIG. 3 of U.S. Pat. No.
3,863,060 filed Oct. 30, 1972, entitled “General Pur-
pose Calculator with Capability for Performing Inter-
disciplinary Business Calculations™ by France Rode), et
al.

The SYNC bus 26 carries synchronization signals
from control and timing circuit 16 to QUAD ROMS 1,
2 and 3 in read-only memory circuit 18 and to arithme-
tic and register circuit 20 to synchronize the calculator
system. It provides one output each word time. This
output also functions as a tenbit wide window (b,5~by,)
during which [, bus 28 is active.

The I, bus 28 carries ten-bit instructions from the
active QUAD ROM in the read-only memory circuit 18
to the other QUAD ROM’s, control and timing circuit
16, arithmetic and register circuit 20, and auxiliary
data storage circuit 28, 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 example, the ADD instruction affects arithmetic
and register circuit 20 but is ignored by control and
timing circuit 16. Similarly, the SET STATUS BIT §
instruction sets a status flip-flop 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
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ADD instruction would be received by arithmetic and
register circuit 20 during bit times bs~by, of word time
N and the addition would actually occur during bit
times bg—b,, of word time N+1. Thus, while one instruc-
tion is being executed the next instruction is being
fetched.

The WS bus 30 carries an enable signal from control
and timing circuit 16 or one of the QUAD ROM’s in a
read-only memory circuit 18 to arithmetic and register
circuit 20 to enable the instruction being executed
thereby. Thus, in the example of the previous para-
graph, addition occurs only during digit 2 since the
adder in the arithmetic and register circuit 20 is en-
abled by WS bus 30 only during this portion of the
word. When WS bus 30 is low, the contents of the
registers in arithmetic and register circuit 20 are recir-
culated unchanged. Three examples of WS timing sig-
nals are shown in FIG. 3 of prior filed, commonly
owned and allowed U.S. Pat. Ser. No. 3,863,060. In the
first example, shown in said patent application, digit
position 2 is selected out of the entire word. In the
second example, the last eleven digits are selected. This
corresponds to the mantissa portion of a floating point
word format. In the third example, the entire word is
selected. Use of the word select feature allows selective
addition, transfer, shifting or comparison of portions of
the registers within arithmetic and register circuit 20
with only one basic ADD, TRANSFER, SHIFT, or
COMPARE instruction. Some customization in the
QUAD ROM word select fields is available via masking
options.

The I, line 32 serially carries the addresses of the
instructions to be read from the QUAD ROM’s. These
addresses 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 during bit times
big-bse and is stored in an address register of each
ROM. However, only one QUAD ROM is active at a
time, and only the active QUAD ROM responds to an
address by outputting an instruction on the L, line 28,

The carry line 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 arithmetic and register cir-
cuit 20.

A BCD input/output line 35 interconnects data stor-
age circuit 25 and the C register of arithmetic and
register circuit 20. This line always outputs the con-
tents 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. Key
bounce problems 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 in a
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.
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The primary outputs of the calculator are five output
lines 38 connected between a display decoder of arith-
metic and register circuit 20 and an anode driver of
output display unit 14. Data for a seven-segment dis-
play plus a decimal point is time-multiplexed onto these
five output lines. A start line 40 is connected from the
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 0 occurs.

A mode switch 2 is provided having a program and a
run position. When switch 2 is in program position, an
input line to the control and timing circuit 16 is
grounded. This sets one of the 12 internal status bits.
The status of this status bit is interrogated by the micro-
processor and the key code which has been generated
is either stored in the appropriate location in digital
storage circuit 25 or decoded and executed by arithme-
tic and register circuit 20.

The Control and Timing Circuit 16, Read Only Mem-
ory Circuit 18, Arithmetic and Register Circuit 20,
Clock Driver 22, Display Unit 14, Keyboard 12, LED
Display, Selected Instruction Sets and their operation
are described in detail in commonly owned, and al-
lowed U.S. Pat. Ser. No. 3,863,060 entitled *‘General
Purpose Calculator with Capability for Performing
Interdisciplinary Business Calculations” filed on Oct.
30, 1972, by France Rode, et al. Said patent is fully
incorporated herein by reference.

Referenced U.S. Pat. Ser. No. 3,863,060 describes a
nonprogrammable business calculator having seven
registers A-F and M, as shown for example in FIG. 11
of said patent. In contrast, the preferred embodiment
of the instant application has 37 56-bit registers. Each
of these registers is capable of containing 14 BCD dig-
its. The 37 registers (A-F, M, and 30 storage registers)
can be divided into four groups: the working registers
A, B and C with C also being the bottom register of a
four register operational stack; the next three registers
D, E and F in the stack; 30 separate storage registers
within data storage 25 and the M register which is put
to use to maintain status information in addition to that
maintained by 12 status bits internal to the control and
timing circuit 16. The structure and operation of a
stack formed by registers C, D, E and F are fully de-
scribed in reference U.S. Pat. Ser. No. 3,863,060 and
further described in U.S. Pat. No. 3,781,820 entitled
PORTABLE ELECTRONIC CALCULATOR filed on
May 30, 1972, by David S. Cochran, et al. and issued
on Dec. 25, 1973. Registers C, D, E and F represent an
operational stack. Registers A and B are the working
registers throughout which various algorithms are im-
plemented. The A and B registers also provide the
information which is decoded into signals for the dis-
play drivers of display unit 14. The M register is of the
same structure as the single storage register employed
in U.S. Patent Application Ser. No. 3,863,060 but in
the preferred embodiment the data storage registers
within data storage circuit 2§ provide ample supple-
mentary storage and the M register manages status
information in addition to that maintained by 12 status
bits internal to Control and Timing Circuit 16. The M
register stores information such as which angular for-
mat is in effect, which display format is in effect and the
state of programming affairs, for example, whether the
function is being executed from the keyboard as a re-
sult of executing a run stop command or as a result of
a single step instruction as further described hereinaf-




























































































































































