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[57) ABSTRACT

A microprocessor system with high order capabilities is
provided with the two non-volatile memories which are
read-only-memories (ROMs) in the disclosed embodi-
ment. A first ROM stores the microcode for controlling
the operation of the microprocessor circuits. The sec-
ond ROM, which is preferably disposed in a module or
cartridge, stores a plurality of program codes which are
used to address the first ROM. The second ROM'’s
module may be inserted into a receptacle for intercon-
necting it with the remainder of the microprocessor
system. Preferably, a plurality of such second ROMs
are avallable for selectively plugging into the micro-
processor system.

Further, a particular embodiment of the microprocessor
system with high order capabilities for use as an elec-
tronic calculator with high order capabilities is dis-

closed in great detail. -

36 Claims, 20 Drawing Figures
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1

MICROPROCESSOR SYSTEM HAVING HIGH
ORDER CAPABILITY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a continuation-in-part of Ser. No.
714,464 filed Aug. 16, 1976.

BACKGROUND OF THE INVENTION

This invention relates to microprocessor systems and
more specifically to electronic calculators having the
capability of solving higher order or complex mathe-
matic problems. It should become evident, moreover,
that my invention has utility in other applications mak-
ing use of microprocessor technology, such as video
games, to increase the level of sophistication of the
functions performed by the microprocessor.

Electronic calculators have evolved from compara-
tively simple machines which add, subtract, multiply
and divide the data entered into the calculator to ma-
chines which can perform sophisticated financial and
mathematical operations such as, for example, changing
polar coordinates to rectangular coordinates or solving
compound or annuity interest problems. The calculator
systems developed to date have had a single or multiple
read-only-memory (ROM’s) in which groups of instruc-
tion words are stored as microcode. The different
groups of instruction words stored in the ROM cause
the calculator’s arithmetic unit, memory and display to
cooperate to perform desired mathematical operations
when instruction words are read out of the ROM. The
ROM is addressed or controlled by a keyboard or other
input means associated with the electronic calculator or
microprocessor system. Thus, the depression of a key
causes a selected group of instruction words to be read
out of the ROM and these instruction words are pro-
vided to circuits controlling the inputting of data, the
storage of data and the manipulation of data to perform
the operation or function invoked by the key depressed.
Thus, the instruction words generated by the ROM
cause data to be entered, stored, and manipulated using,
for instance, an arithmetic unit to perform such func-
tions as adding, subtracting, multiplying dividing or
performing higher order or complex mathematical op-
erations on the data.

Each instruction word typically has a length of eight
to sixteen binary bits, although microprocessors having
longer or shorter instruction words are well within the
state of the art. The performance of even a relatively
simple operation, such as adding two floating point
numbers, requires a group of many instruction words.
For instance, the addition of two floating point numbers
may require as many as 75 insiruction words having
thirteen bits each, thus absorbing 975 bits of ROM area
to be able of performing such a simple operation. Simi-
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larly, the subtraction operation has a comparable set of 60

instruction words and so on for other operations and
functions. Of course, portions of such sets may be
shared for certain operations.

Modern electronic calculators now perform sophisti-
cated arithmetic and financial computations such as, for
example, squaring, taking square roots, converting from
polar to rectangular coordinates, computing logorithms
and trigometric relationships, compounding interest,

65

2

and other such computations. These computations have
typically been implemented into the electronic calcula-
tor by increasing the size of the ROM to accommodate
the larger number of instruction words associated with
these higher order computations. While the size of com-
mercially available ROM’s has increased during the
past several years, the library of computational pro-
grams desired to be implemented in an electronic calcu-
lator has grown at even a faster rate. For example, 1t is
desirable to have an electronic calculator capable of
performing an entire library of computations related to
electrical engineering, mechanical engineering, survey-
ing, or the like. However, an electronic engineering
library of computations could comprise, for instance, 435
computational programs or more, each of which require
as many as 600 instruction words implemented in a
read-only-memory. Thus an entire computational li-
brary would include for example, on the order of 27,000
instruction words of thirteen bits each which would
require many conventional chips to implement the elec-
trical engineering library in a conventional calculator.
Of course, using a large number of chips can signifi-
cantly increase the cost of an electronic calculator as
well as making the packaging for hand-held use more
difficult and unduly increasing power consumption.

In the prior art it 1s also known that an electronic
calculator may be provided with the ability to perform
higher order calculators by making the calculator pro-
grammable and storing the program in a Random Ac-
cess Memory (RAM) or on a magnetic tape or card.
But, in this case, the program is not permanently stored
in the calculator, but must be read into the calculator’s
memories at least each separate time the calculator is
energized; thus, such a program 1s not directly accessi-
ble from the calculator’s keyboard.

It is an object, therefore, of this invention to improve
electronic calculators and microprocessors.

It 15 another object of this invention to increase the
number of computational programs stored in an elec-
tronic calculator without correspondingly increasing
the size of the ROM(s) implemented in the eiectronic
calculator.

It i1s a further object of this invention to make such
computational programs directly accessible from the
calculator’s keyboard.

It is another object of this invention to store a large
number of computational programs in the hand-held
electronic calculator using a small number of chips.

It 1s yet another object of this invention to selectively
equip an electronic calculator or microprocessor with
different libraries of higher order function, which func-
tions may be accessed from the calculator’s keyboard
and/or from a program stored in a programmable calcu-
lator.

It 1s still another object of this invention that the
particular library with which a calculator is equipped
may be changed by the end user thereof. |

The aforementioned objects are satisfied as 1s now
described. Generally, and 1n accordance with the pre-
ferred embodiment of the invention, an electronic cal-
culator 1s equipped with first and second ROM’s. The
first ROM stores a plurality of groups of instruction
words, each group eftective tor controlling an arithme-
tic unit to perform basic arithmetic operaticns such as
adding, subtracting, multiplying and dividing, taking
square roots, forming logarithmic and trigonpometric
operations and so forth in response to the operation of
the first set of keys on a calculator keyboard. Each of
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these groups of these instruction words contains on the
order of 75 to 200 instruction words. Thus, the first
ROM is used as a main ROM as in a conventional calcu-
lator microprocessor. The second ROM stores a plural-
ity of sets of program codes. Each set of program codes
are capable of performing a higher order mathematical
program and are read out of the second ROM in re-
sponse to operatton of a second set of keys on the calcu-
lator keyboard. Each program code (which comprises
eight binary bits in the embodiment disclosed) is effec-
ttve for addressing a group of instruction words stored
in the first ROM in much the same manner as depression
of a key in the first set of keys. Thus, a set of program
codes may mimic the depression of a plurality of keys in
the first set of keys. Therefore, each higher order math-
ematical program is preferably a series of the basic
arithmetic operations stored in the first ROM combined
with operations for entry of data and/or constants. The
second ROM reads out program codes which serve to
address the groups of instruction words stored in the
first ROM. By using the second ROM to store such
higher order calculational programs, a second set of
keys can be used to input commands triggering a long
chain of basic arithmetic operations, including data
entry operations, without the chance of human error
and at a much greater speed than a human operator.
Thus, the second ROM, in the preferred embodiment,
stores sets of program codes, each program code effec-
tive for addressing the first ROM in much the same

manner as a single depression of a key in the first set of 30

keys; therefore, a set of such program codes may be
advantageously utilized for a large number of higher
order calculational programs in an electronic calcula-
tor. Since the second ROM must only store on the order
of eight bits, or so, to select or address an entire group
of instruction words, it should be evident to one trained
In the art by utilizing the second ROM herein disclosed
that great economies can be effected in total ROM area,
when compared with prior art techniques. While I have
referred to first and second sets of keys on the calcula-
tor keyboard, it is well known that a single physical key
may be used to perform several functions and therefore
the keys referred to in the first and second sets may be
physically the same keys.

In a further aspect, the second ROM is preferably
provided by a chip or chips which may be temporarily
plugged into the calculator or mocroprocessor system
by the end user thereof. Preferably, the calculator or
microprocessor system is operated with one or more
such second ROM chips, which chips are selected from
a group of chips for operation in the calculator or mi-
croprocessor system by the end user thereof, according
to the end user’s particular needs at any given time. In
the embodiment disclosed, a major portion of the sec-
ond ROM is provided by a plugged-in chip and minor
portion 1s provided by a permanently wired-in chip.
Thus, in the embodiment disclosed, the end user may
select which higher order functions are performable
according to which particular second ROM chip is
plugged into the calculator while a few high order
functions stored in the permanently wired chip is inher-
ently a part of the calculator system disclosed. The
second ROM 1s disposed in a module for ease of han-
dling by the end user of the calculator or microproces-
SOr.

While a calculator system is disclosed herein in detail,
it should be evident to those skilled in the art that my
invention may also be used in applications other than
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calculators where a microprocessor with high order
capability may be advantageously utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the in-
vention are set forth in the appended claims. The inven-
tion itself, however, as well as further objects and ad-
vantages thereof, will be best understood by reference

to the following detailed description of an illustrative

embodiment, when read in conjunction with the draw-
ings, wherein:

FIG. 1 1s a pictorial view of an electronic portable
calculator of the type which may embody the invention:

FI1G. 2 is a simplified block diagram of a multi-chip
calculator system which may be utilized in practicing
the present invention;

FIGS. 3a-3b are detailed block diagrams of the arith-
metic chip featured in FIG. 2;

F1G. 4 1s a detailed block diagram of the SCOM chip
featured in FIG. 2:

F1GS. 5a-5e depict in representative form the in-
struction words decoded by the arithmetic and SCOM
chips;

F1G. 5t depicts the originization of the EXT signal:

FI1G. Sg depicts the first ROM address as stored in
the address register;

FIG. §h depicts the instruction words decoded on the
second ROM chip and selected instruction words de-
coded on the arithmetic chip, but which may be conve-
niently employed in connection with the utilization of
second ROM chip; - |

FIGS. 6a-6b are timing diagrams showing the timing
of various parts of the multi-chip system;

FI1G. 7 1s a representation of the keyboard input ma-
trix;

FIGS. 8a-8d are a composite schematic diagram of
the arithmetic chip of FIG. 2; |

FI1GS. 9a-9e are a composite schematic diagram of
the SCOM chip of FIG. 2;

FIGS. 10a-10r are schematics of certain circuits used
in FIGS. 8a-8d and 9a-9e;

FIG. 11 1s a block diagram of a modern electronic
calculator equipped with one embodiment of the inven-
fion;

FIG. 12 is a block diagram of another embodiment of
the invention which may be utilized with a modern
electronic calculator of the type depicted in FIG. 11;

F1G. 13 is a pictorial view of an electronic calculator
having an opening for removeably receiving a packaged
second second ROM chip;

FI1G. 14 1s a simplified block diagram of a multi-chip
calculator system utilizing the present invention:

FIG. 15 is a function diagram of the logical organiza-
tion of data stored in the second ROM:

FI1G. 16 depicts the variable boundary between data

and program steps in the calculator’s memory;

FIG. 17 is a block diagram of the second ROM chip:

FIGS. 18a-181 form a composite schematic diagram
of the second ROM chip; and

F1G. 19 15 a representation of data stored in the mem-
ory registers on the double SCOM chips.

LOCATION OF THE DRAWINGS

FIGS. 1, 5h, 7, and 11-19 accompany this patent.
FIGS. 2, 3a-3b, 4, 5a-5g, 6a-6b, 8a-8d, 9a-9¢ and
10a-10r are hereby incorporated by reference from U.S.
Pat. No. 3,900,722, entitled “Multi-Chip Calculator
System Having Cycle and Subcycle Timing Genera-



Re. 30,671

S
tors”’, which issued on Aug. 19, 1975 to Michael J.
Cochran and Charles P. Grant, Jr. and which is as-
signed to the assignee of this invention.

CONCEPTUAL DESCRIPTION

Referring to FIG. 1, an electronic portable calculator
of the type which may employ features of this invention
is shown in pictorial form. The calculator 1 comprises
the keyboard 2 and the display 3. The display 3, in one
embodiment, consists of twelve digits or characters,
each provided by an array of light emitting diodes or
characters, such provided by an array of light emitting
diodes, a liquid crystal display, gas discharge tube or
other display means. The display is preferably imple-
mented to having eight mantissa digits, two exponent
digits, and two character places for negative signs, eic.,
(one for the mantissa and one for the exponent), thereby
permitting outputting the data in scientific notation for
instance. Of course, the type of display and the number
of digits displayed is a design choice. Ordinarily, the
diplay would be of the seven segment or eight segment
variety, with provisions for indicating a decimal point
for each digit. The display 2 includes a number of keys
(0-9), a decimal point key, the conventional plus (+),
minus (—), multiply (x), divide (=), and equal (=)
keys. Further the keyboard perferably includes keys for
exponentation (Y* and inverse Y*) and trigonometric
relationships (Sine X, Cosine X, and Tangent X). The
calculator is further provided with OP Code Keys for
performing special functions such as slope, intercept,
plotting operations, alphanumeric operations and the
like. Further, the calculator may be provided with keys
for storing (STO) and recalling (RCL) data from mem-
ory, for clearing the calculator (CLR) and for clearing
the last entry (CE). The keys used to access higher
order functions will be described subsequently.

In FIG. 11, there is shown in block diagram form, the
basic elements of a modern electronic calculator imple-
mented on one or more semiconductor chips. It 1s to be
understood that the block diagram of FIG. 11 1s not
intended to represent the block diagram of a detailed
representation of electronic calculators, but is merely
intended to indicate how the additional elements of an
electronic calculator system having higher order capa-
bility are incorporated into a typical electronic calcula-
tor. Subsequently, it will be explained in detail how my
invention may be praticed with the multi-chip calcula-
tor system depicted in FIGS. 2-19. The calculator of
FIG. 11, is shown with a clock 40 which provides
clocking signals for transferring data throughout the
electronic calculator and provides scanning signals for
scanning the display 3 and keyboard 2 or other data
. entry means. The inputs for the keyboard 2 are pro-
vided to keyboard logic 41 which provides an address
in response to the depression of a particular key to
program counter 23. It should be evident to one skilled
in the art that keyboard logic 41, as well as other logic
circuitry, may be implemented in the calculator as the
elements described or may be implemented as a part of
read only memory 20 and instruction word decoder
logic 96.

The address received from keyboard logic 41 is in-
serted into program counter 23 and is utilized in ad-
dressing the First Read-Only-Memory (ROM) 20. First
ROM 20 contains the microcode for performing basic
arithmetic operations and outputs an instruction word
in response to the address contained 1n program counter
23. Program counter typically includes an add-one cir-

10

15

20

25

30

35

45

50

53

60

65

6

cuit for incrementing the address in program counter
23. Thus, program counter 23 causes a group of mstruc-
tion words to be read out of First ROM 20 in response
to the incrementing of program counter 23, each in-
struction word being read out during an instruction
cycle. The group of instruction words read out of First
ROM 20 corresponds to the address received from
keyboard logic 41.

The instruction words read out of First ROM 20 are
decoded by instruction word decoder logic 96 to pro-
vide instruction commands to program counter 23,
arithmetic unit 45 and data control 44. The instruction
commands provide to program counter 23 enable
branches to be executed by inserting a new address into
program counter 23 in response to a branch instruction
command stored in First ROM 20. Instruction com-
mands provided to data control 44 and arithmetic unit
45 control the manipulation of numeric data in the cal-
culator. Instruction word decoder 96 is also intercon-
nected with a counter 47 and a latch 46 in my electronic
calculator system having higher order math capability.

Data control 44 is interconnected with display regis-
ter 49, operational registers 43 and with the arithmetic
unit 45. Display register 49 stores the number displayed
by the display 3 and has associated therewith a plurality
of operational registers 43 which are used in conjunc-
tion with arithmetic unit 45 to perform arithmetic oper-
ations in response to particular instruction commands.
Output drivers 42, interconnect display register 49 with
a display 3 for decoding the electrical signal, stored in
display register 49 and for driving display 3. Data con-
trol 44 comprises a series of selector gates for intercon-
necting the appropriate operational registers 43 and
display register 49 with the arithmetic unit 45, with
portions of instruction words, (if need be), or with logic
signals from keyboard 2 (if need be).

Numeric data is inputted into display register 49 from
keyboard 2 either by a data path from keyboard logic 41
via data control 44 under the control of appropriate
instruction commands or by inputting selected portions
of an appropriate instruction word 1n response to se-
lected instruction commands. The electronic calculator
system hereinbefore described, that being the portion
shown within the reference a dashed line in FIG. 11,
basically corresponds to the type of electronic calcula-
tors known in the prior art. Exemplary of the prior art

calculators systems is the calculator system depicted in

FIGS. 2-10.
Also in FIG. 11, there is shown a counter 47 and a

latch 46 which is responsive to outputs from instruction
word decoder logic 96. The counter 47 has an output
for addressing a Second ROM 48. Second ROM 48
outputs a program code in response to the inputted
address, the program codes being outputted via latch 46
to program counter 23. When keyboard logic 41 de-
codes keyboard outputs indicating that a higher order
math calculation is to be executed, the higher order
math calculation being preferably a series of basis arith-
metic functions and operations of the type implemented
in first ROM 20, keyboard 41 preferably input an ad-
dress into program counter 23 which causes First ROM
20 to branch to a location therein for calling a program
from Second ROM 48. When a program is called from
Second ROM 48, instruction word decoder logic 96
first sets latch 46 to permit the program codes outputted
by Second ROM 48 to be inputted into program
counter 23. The program codes outputted by Second
ROM 48 effectively transmit an address into program
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counter 23 for addressing First ROM 20, The first such
code preferably causes the First ROM 20 to branch to a
location for performing the first basic arithmetic opera-
tion or function required by the Second ROM 48 pro-
gram. The program codes may take the same logical
format, for instance, as the output from keyboard logic
41. When calling a program from Second ROM 48,
instruction word decoder logic 96 also transmits an
address into counter 47, the address being the first loca-
tion in Second ROM 48 of the called program. It should
be evident, moreover, that counter 47 could be loaded
with an address directly from keyboard logic 41 in lieu
of from instruction decoder logic 96, this being essen-
tially a design choice.

After the first program code is read out of Second
ROM 48 via latch 46 and loaded into program counter
23 then First ROM 20 cycles through a group of in-
struction words to accomplish the indicated basic arith-
metic operation or function. Of course, the number of
instruction cycles required to accomplish the indicated
operation or function depends on, for instance, a num-
ber of instructions contained for that basic operation or
function 1n First ROM 20. As is well known, those
operations or functions which are accessible via key-
board logic 41 from keyboard 2, usually contain instruc-
tion words for causing the display to be enabled at the
end of the function or operation addressed in First
ROM 20. Since, however, another program code is to
be read from Second ROM 48 and inserted into pro-
gram 23 upon accomphishment of the indicated function
or operation, counter 47 includes an add-one circuit
which is responsive to, for instance, a display command
or other such commands located near or at the end of a
group of instruction words in First ROM 20 for accom-
plishing a basic arithmetic operation or a function.
When the display command or other such command is
decoded by instruction word decoder logic 96, the
add-one circuit in counter 47 increments .and causes
Second ROM 48 to read out the next program code of
the called program via the set latch 46 to program
counter 23, which in turn causes First ROM 20 to cycle
through another group of instructions to accomplish the
function or operation indicated by the outputted pro-
gram code. Again, towards the end of this next basic
arithmetic function or operation, a display code or
other such code will be decoded in instruction word
decoder logic 96 causing the add-one circuit in counter
47 to increment counter 47, the cycle repeating itself.

The advantages of Second ROM 48 and associated
counter 47 and latch 48 should be evident to one trained
in the art. This system permits equipping an electronic
calculator with the capability of performing higher
order calculation programs: for instance, changing
polar coordinates to rectangular coordinates, doing
financial calculations or solving complex engineering
equations using significantly less total ROM area than
would be required if such programs were implemented
only in First ROM 20. Additionally, it should be evi-
dent that while the foregoing discussion has suggested
that a program code read from Second ROM 48 mimics
keyboard logic outputs from keyboard logic 41, the
program codes read from Second ROM 48 could, in lieu
thereof or in addition thereto, have codes which do not
mimic the outputs from keyboard logic 41, but rather,
for instance, would cause the program counter 23 to
branch to locations in First ROM 20 which are not
directly accessible from the keyboard. Thus an output
from Second ROM 48 may cause program counter 23 to
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branch to a location in First ROM 20 which could not
be accessed directly from the keyboard 2 via keyboard
logic 41. One purpose for such a program code would
be a program code in a called program to indicate that
the end of the program had been reached. This program
code, which I shall refer to as the “return” program
code, preferably causes program counter 23 to branch
to an address location in First ROM 20 which would
contain a group of instructions for resetting latch 46 and
for displaying the contents of display register 49. The
display instruction preferably follows the reset latch
instruction, so that when the display command causes
counter 47 to increment (if so used), no branching will
occur 1n response thereto at program counter 23. Also
latch 46 inhibits outputs from Second ROM 48 from
being inserted into program counter 23 whenever a
display instruction or other such instruction is decoded
by instruction word decoder logic 96 incrementing the
add-one circuit in counter 47 when the calculator has
not called a program from Second ROM 48. Referring
now to FIG. 12, there is shown a partial block diagram
of a second embodiment of my calculator system having
higher math capability. The latch 46 and counter 47 are
interconnected with program counter 23 and instruc-
tion word decoder 96 as done in the embodiment shown
in FIG. 11. In fact, this embodiment is similar to the
embodiment in FIG. 11, except that a superroutine
stack register 91 and an associated superroutine latch 92
have been interconnected with counter 23: stack 91 is
responsive to outputs from instruction word decoder
logic 96. Thus, the program codes outputted from Sec-
ond ROM 48 are passed to program counter 23 via latch
46; counter 47 is used to address Second ROM 18 and is
responsive to instruction word decoder logic 96 for
inserting an initial address therein and for incrementing
that address in response to decoded display commands,
for instance. The superroutine stack 91 functions to
either receive an address from counter 47 or to output
an address to counter 47, both functions being in re-
sponse to outputs from instruction word decoder logic
96. Superroutine stack 91 is a multi-level stack and func-
tions in normal last-in-first-out mode. Superroutine
stack 91 may be advantageously utilized in calculator
systems with higher math capability so that the program
codes stored in Second ROM 48, in addition to prescrib-
ing addresses for performing basic arithmetic operations
and functions according to microcode stored in First
ROM 20, may also use First ROM 20 for addressing
Second ROM 48 itself. The advantages of this superrou-
tine stack 91 may be best seen by example. For instance,
Second ROM 48 may be implemented with program
codes to perform the factorial function, and during the
calculation of statistical programs, such as combinations
and permutations, it is often advantageious to be able to
use the factorial function. If a factorial function and the
statistical combination function are both implemented
in Second ROM 48, then the combination function pro-
gram may call the factorial function, if a superroutine
stack 91 is utilized. The point of exit from the combina-
tion function program must be stored so that the pro-
gram can return thereafter accomplishing the factorial
function. Thus, the address in counter 47 to which the
program must return in Second ROM 48 after accom-
plishing the factorial function is stored in superroutine
stack 91 because a new set of addresses will be loaded
into counter 47 when the factorial function is executed.
Whenever an address has been stored in superroutine
stack 91, superroutine latch 92 is set. Further. as afore-
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mentioned, the factorial program will preferably have a
“return” program code loaded in Second ROM 48 at
the end thereof. This return code normally causes latch
46 to be reset. However, the return code is inhibited
from setting latch 46 when superroutine latch 92 has
been set. Latch 46 is not reset at this time because the
program codes being read from the Second ROM 48
must continue to be inserted in program counter 23 to
carry out the main program, eg, the combination func-
tion program in the aforementioned example. Although
the return code is not used to reset latch 16 if superrou-
tine latch 92 is set, the return code is used to “pop” the
address in the stack back into counter 47. Since stack 91
is a multi-level stack, several levels of “‘superroutines”
may be utilized.

Preferably, the second ROM 48 is implemented by a
ROM chip which is provided with a package permitting
it to be plugged into the aforementioned electronic
calculator. The second ROM chip is preferably pack-
aged in a form to facilitate handling by the end user of
the calculator to permit easy installation of that chip
into the electronic calculator. Preferably, the electronic
caiculator system of this invention receives, at any
given time, one second ROM chip, but the operator
thereof selects which particular second ROM chip is
plugged into the calculator system. The operator ROM
chips each programmed to perform different types of
high order functions. For instance, one or a plurality of
second ROM chips may be provided for performing
statistical problems while another ROM chip or chips 1s
provided for performing surveying problems; still yet
another second ROM chip or chips may be provided for
performing aviation or navigational problems, for in-
stance. Thus the end user of the calculator can config-
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high order functions depending upon the particular
library available in the particular second ROM chip or
chips plugged into the electronic calculator of this in-
vention.

Referring to FIG. 13, there is shown an electronic
calculator having an opening 4 for exposing contacts 3,
which are connected to the electronics of the calcula-
tor. Opening 4 is preferably provided on the rear side of
the calculator case 1 as shown in the FIG. 1 and forms,
with contact 5, a receptacle for receiving module 48a.

Opening 4 is adapted to removably receive the second

ROM 48, which is not shown in FIG. 13, but which is
disposed in module 48a. Second ROM chip module 48a

has contacts (not shown) which mate with contacts 3
for connecting the second ROM 48 therein to the elec-
tronic calculator. Door 6 may be closed to retain mod-
ule 48a in opening 4 during normal operation.

THE SPECIFIC EMBODIMENT IN A
PROGRAMMABLE CALCULATOR

Having described how the second ROM is advanta-
geously used with an electronic calculator, a particular
embodiment of the second ROM in a particular calcula-
tor is now described.

Referring now to FIG. 14, there is shown a detailed
block diagram of an specific embodiment of a program-
mable electronic calculator employing the second
ROM 48 of this invention. In FIG. 14, there is shown a
plurality of chips (48’, 10, 12a, 12b, 13, 14a-d and 18).
Chips 10, 12a, 12b, 13, and 18 have heretofore been
described in some detail in prior U.S. Patents and Patent
Applications and therefore reference will be made to
U.S. Patents or U.S. Patent Applications, as the case
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may be, for a detailed description of these chips. The
following discussion will basicly relate to how chips 10,
12a, 12b and 13 cooperate with a second ROM chip 48’;
which is described hereafter in detail, to implement a
calculator having high order capability.

The calculator’s arithmetic chip 10 has a plurality of
Registers 50a-50e for storing numeric data, an Arithme-
tic Unit 55 for performing arithmetic operations on the
data stored in Registers 50a-e, Flag Registers 53a-b for
storing a plurality of flags, a keyboard register 54 which
5 (1) loadable with a decoded keyboard address derived
from the calculator’s keyboard, (2) loadable from a
subroutine register or (3) loadable from the second
ROM chip 48'. Arithmetic chip 10 is described in detail
in aforementioned U.S. Pat. No. 3,900,722 which issued
to Michael J. Cochran and Charles P. Grant, Jr. on
Aug. 19, 1975 and which is assigned to the assignee of
this invention. Line 21, column 4 through line 31, col-
umn 44 of U.S. Pat. No. 3,900,722 is hereby incorpo-
rated herein by reference.

U.S. Pat. No. 3,900,722 discloses a multiple chip cal-
culator system employing the aforementioned arithme-
tic chip 10 and a scanning and read-only-memory
(SCOM) chip. U.S. Pat. No. 3,900,722 discloses that
eight SCOM chips may be utilized in a single calculator
system. Referring again to FIG. 14, chips 12a and 12b
are each double SCOM chips; a double SCOM chip 1s
the equivalent to two SCOM chips of the type disclosed
in U.S. Pat. No. 3,900,722 implemented on a singie chip
of silicon, with the F and G registers thereof replaced
by a single eight register memory of the type disclosed
in U.S. Patent Application Ser. No. 745,157 which was
filed Nov. 26, 1976 and which is assigned to the assignee
of this invention. |

External ROM chip 13 provides for increased in-
struction word storage capacity. The ROMs 20a and
20b on double SCOM chips 12a and 12b and the ROM
20c on chip 13 provide the first ROM 20 for storing the
microcode which controls the operation of the calcula-
tor system. The microcode stored in ROM’s 28a-20c is
listed in Tables IIa-Ilc, respectively. ROM 20c 1s a i
K x 13 bit ROM while ROMs 20a-20b are each 2.5
K x 13 bit ROMs.

Referring briefly to Tables Ila-lIc, the first column
thereof is the hexidecimal address of the microcode
instruction word appearing in the third column. The

second column identifies the chip in which the micro-
code is stored. TMC-582 and TMC-583 are the two

double SCOM chips 12a and 12b; TMC-571 is the exter-
nal ROM chip 13. The fourth through nineteenth coi-
umns contain instruction words whose addresses are
incremented by one for each column, reading from left
to right. Thus, in Table Ila, the seventeen instruction
words in the first row, columns three through nineteen
are located at hexidecimal addresses 0000 through 0010.
The instruction words are in hexidecimal format also

and correspond to the instruction words 1dentitied in
FIGS. Sa-5h.

As explained in U.S. Pat. No. 3,900,722, the arithme-
tic chip 10 and the double SCOM chips 12a and 12b are
interconnected by lines for exchanging the following
control signals: external (EXT), input/output (1/0),
instruction words (IRG), and IDLE. External is a serial
data channel which may be used, for instance, for ad-
dressing ROMs 20a-20c using an address stored in the
keyboard register 54 when the PREG bit thereof 1s a
logical one or for inputting or outputting senal data
depending on the instruction word outputted on 1R(s
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(when the PREG bit is a logical zero). 1/0 is a four bit
parallel data channel for transferring data in bit parallel,
digit serial fashion under control of construction words
outputted from ROMs 20a-20c. IRG is a serial channel
for transmitting the instruction word from the particu-
lar ROM 20a-20c controlling the oeration of the sys-
tem.

In FIG. 14, there are shown four multi-register chips
14a-14d which are connected to the 1/0, IRG, and
IDLE lines. These multi-register chips are essentially
random access memory (RAM) chips which are utilized
tor storing the data used by the calculator system and
programmed functions. It should be evident that the
numbers of such chips as well as the size of the RAMS
thereon is a design choice.

The magnetic card reader chip 35 is responsive to
EXT, IRG and IDLE for inputting digital information
to the calculator system from magnetic cards or output-
ting digital information from the calculator system to
magnetic cards. Chip 35 i1s described in greater detail in
U.S. Pat. Application 622,288 filed Oct. 10, 1975 and
now U.S, Pat. No. 4,006,455. Of course, the use of a
card reader 1s a design choice. If chip 35 is not utilized,
the diode and switch 7 shown in FIG. 7 should be omit-
ted. Switch 7 closes in response to a card being inserted
into the card reading mechanism associated with chip
35.

Printer chip 18 may be used to provide the calculator
of this invention with printing capability. It should be
evident that the utilization of printer chip 18 is a design
choice and further this chip may be either permanently
installed in a printer calculator or may be installed in a
print cradle, such as the PC 100a cradle manufactured
by Texas Instruments Incorporated of Dallas, Texas
which print cradle may be interfaced with a hand-held
calculator provided with printing capability. Chip 18 is
described in greater detail in U.S. Pat. Application Ser.
No. 428,492 filed Dec. 26, 1973 and now U.S. Pat. No.
4,020,465.

The second ROM chip 48’ is interconnected with the
calculator system via external, IRG and IDLE. Chip 48’
includes a second ROM 48 of the type heretofore dis-
cussed plus various control circuits for interfacing it
with the remainder of the calculator system disclosed.
As previously mentioned, second ROM chip 48’ is pref-
erably removable from the calculator of this invention
and therefore a plug assembly 43 is provided for ease of
removal and insertion. Preferably, the calculator of this
invention is provided with a plurality of such second
ROM chips 48', at least any one of which may be con-
nected mmto the calculator system at any given time.
This plurality of ROM chips 48’ are programmed to
provide different types of problem solving capabilities.
For instance, one chip 48’ might be implemented with
programs for solving statistical problems while another
might solve financial, surveying, navigation, medical,
mechanical or electrical engineering problems, or the
like. Moreover, it should become evident to those
skilled in the art, that a plurality of such chips 48’ might
be interfaced with a calculator at one time if such chips
were provided with a chip selection means for identify-
ing which second ROM chip 48’ is being addressed at
any given time. Such chip selection circuits, while not
used in the embodiment herein disclosed, are well
known 1n the art,

While the second ROM of this invention is described
as a read-only-memory, it should be evident to those
skilled in the art that second ROM might be an electri-
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cally alterable device, such as an EPROM, or the like.
Similarly, a bubble memory or other such non-volatile
memory means could also be utilized as a second ROM.

In Table VIII there is a listing of program codes used
In a general purpose second ROM chip 48’ to perform
such operations as: performing a diagnostic checks,
complex math operations, matrix math operations, ma-
trix inversion, annuity and compound interest opera-
tions, permutation and combination calculations and the
like. The program codes are listed in columns 3-19 of
Table V1I. The address of the program code in column
three 1s given in column one and the addresses of the
other program codes on the same line increment by one
tor each column reading from left to right.

ORGANIZATION OF PROGRAMS STORED IN
THE SECOND ROM

As it has been previously discussed, the second ROM
stores a plurality of program codes for performing high
order functions. The organization of these program
codes on chip 48" is now described in detail. In this
embodiment, the program codes comprise a pair of four
bit binary coded decimal (BCD) digits. Therefore, these
codes may be any number between 00 and 99.

Referring now to FIG. 15, there is shown a functional
diagram of how the program codes are organized on the
second ROM of chip 48" and preferably a second ROM
implemented in a pluggable package. In this embodi-
ment ROM 48 stores on the order of 5,000 eight bit
program codes. Referring now to FIG. 15, a rectangle

thereon represents an eight bit code outputtable from
ROM 48 in response to an address. Second ROM 48
stores a plurality of programs, which are for ease of
addressing, arranged on *‘pages”. Several programs are
preferably allocated to each page. When a program is
second ROM 48 15 to be accessed from the calculator’s
keyboard, the operator depresses the “2ND" key and
the “program™ key (PGM) in this embodiment. The
operator next enters a two digit number indicating the
page upon which the program he or she wishes to ac-
cess exists. For instance, if he or she wishes to access a
program on page twelve, he or she would depress the
one and two number keys. The operator knows upon
which page the desired program exists because a pro-
gram directory is preferably supplied along with a plug-
gable second ROM chip 48’. The operator then prefera-
bly enters a label to uniquely identify the particular
program which 1s desired on the page previously en-
tered. This 1s done by depressing either a particular
label key A—E or A’—E’ or the subroutine key (SBR)
followed by a non-number key (e.g., SBR,=: or SBR,
X?; or the like). Depressing the subroutine key and
entering a three digit address preferably causes a branch
to the location equal to the sum of the inputted address
plus the address of the first program code on the input-
ted page.

The calculator is preferably permanently pro-
grammed to first read out the program code at location
0000 which indicates the number of pages stored on that
particular second ROM 48. This number is compared
with the inputting page number to assure that the input-
ted page number exists in second ROM 48. Next the
security code at location 0001 is preferably outputted
for examination, the function of which will be later
described. The next step is to address second ROM 48
with the entered page location, the address being de-
rived by multiplying the inputted page number by two.
For example, if page 02 is entered, then the address to
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be used is 0004. At address 0004 is a top half of the
address (the thousands and hundreds digits) for the
beginning point of the second page. At address 0005 1s
the bottom half of the address (the tens and units digits).
The program codes at locations 0004 and 0005 define
the address where the second page begins in second
ROM 48. Locations 0006 and 0007 will also be read out
to provide the address of the beginning point of the
third page, which is indicative of the ending point of the
programs stored on the second page. Thus the address
of the second page derived from locations 0004 and
0005 is used as the starting point for a label search and
the address of a third page is used to define the ending
point of that search.

The program in second ROM 48 is caused to branch
to the program code which occurs at the starting point
of page two. At page two in second ROM 48, the label
search is commenced by reading out program codes
sequentially until either the label being searched for 1s
detected or the beginning point of page three is encoun-
tered, indicating that the label being searched for does
not exist on the page selected. The label being searched
for is either a particular label program code (Table 111
code 10-19) or the label program code (Table 111, code
76) followed by a particular non-numeral program
code. When the last page is selected, then the address of
the last page, as well as the last address on that page are
read out to fulfill the function of reading out the ad-
dresses of pages 2 and 3 in the foregoing example. This
sequence of events is also diagrammatically depicted 1n
FIG. 15.

Referring now to Table III, there is shown a list of
the program codes 00-99 preferably used in the calcula-
tor system of this invention along with the correspond-
ing functions performed by these codes and the key
sequences used to generate the codes when generated
from the keyboard. As can be seen, certain program
codes may not be directly generated from the calcula-
tor's keyboard. The functions performed by the pro-
gram codes listed in Table 111 should be evident to those
skilled in the art based on the description set forth in
Table II1. By way of further clarification, however, the
inverse function key (INV) is used to perform the 1n-
verse of the function indicated for selected keys. For
instance, the inverse function key when combined with
the LNx key causes the calculator to take the number

e~ in lieu of taking the natural logorithm of the number
x. The indirect addressing key (IND, which must be
used in combination with the 2ND key, of course) 1s
used with the memory operation keys and “go to” or
“conditional go to” keys (GTO, XXT or X=T) to
indicate that the number following the program code
does not describe either the memory used (if a memory
operation) or the branching location (if a go to or condi-
tional go to operation), but rather identifies the particu-
lar memory whose contents define either the particular
memory to be used (if a memory operation) or the
branch address (if a go to type instruction).

Referring again to Table IIl, program codes 00-09
define the ten numeral keys and the remaining program
codes are defined according to the following conven-
tion. The first number thereof identifies the keyboard
row in which the key is located and the second number
defines the keyboard column in which the key 1s lo-
cated, for the basic functions which may be accessed by
a single key push. For functions accessed by multiple
key push sequences, selected merged program codes are
utilized. For instance, when the 2ND key is combined
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with another key to perform the operations indicated,
the number 5 is added to the basic program code (with-
out a carry) to generate the merged program code.
Thus, for example, the label A 1s stored as a program
code “11” whereas the label A’, which requires the
2ND key to be actuated before the A key, is stored as
program code “16”. Program codes which otherwise
would define those keys performing the numeral func-
tions (eg, 0-9), are reserved for selected merged pro-
gram codes or for program code not directly generated
at the keyboard. For example, program codes 62, 63, 64,
72, 73, 74, 83 and 84 are used for merged program codes
wherein the IND key is used. Program codes 82 and 92,
which are not defined according to the foregoing con-
vention, define a heirarchy address function and the
“return” function. The “return’” function has already
been mentioned and the heirarchy address function 1s
used to address the eight registers on one of the double
SCOM chips, which are set aside for heirarchy control
purposes. This calculator system utilizes the algebraic
operating system disclosed in U.S. Patent Application
Ser. No. 708,958 filed July 26, 1976, for heirarchy con-
trol purposes. The heirarchy address code (82) is fol-
lowed by another program code to define the heirarchy
register and operation involved or to define a condi-
tional return, whose function will be mentioned later.
The meaning of the program code following the hei-
rarchy address code is set forth in Table 1V.

The use of such codes which are not directly accessi-
ble from the keyboard permit the accomplishment to
special functions or entry in to date areas which are
normally isolated from the operator.

The operation code (OP) is used with a following
program code for calling the special functions identified
in Table V. These routines are implemented in this
calculator either in microcode alone or by using second
ROM addressing technigues. The second ROM are for
such operation code functions is located in the constant
ROM areas of double SCOM chips 12a and 12b. Ap-
proximately half of the constant ROM in double SCOM
chip 12a is used for storing constants in the manner
contemplated by U.S. Pat. No. 3,900,722 while the
other half of that constant ROM and all of the constant
ROM in double SCOM 12b is used for storing program
codes, as defined in Table 1Il, in the manner generally
set forth in U.S. Patent Application Ser. No. 714,464,

filed Aug. 16, 1976. The contents of the constant ROMs
are listed in Table VI hereof. Eight two digit program

- codes are stored in each constant storage area in the
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constant ROMs. The codes are stored from right to left;
thus the first program code in constant area sixteen 1s an
82. The addresses of these program codes for discussion
purposes will be: Constant number hyphen one of eight
locations. Thus, the address of the first program code
on constant area sixteen (82) is 16-0, while the third
program doce in constant area eighteen (43) 1s 18-2.
Locations 16-0 through 24-2 contain a slope-intercept
routine. The other routines in the constant ROM area
are defined in Table VIa. As can be seen, the functions
stored in the constant ROM areas are accessed either by
OP codes or by normal keyboard entries; for example,
the polar to rectangular conversion function is stored in
the constant ROM areas and is accessed by depressing
the P—R key on the keyboard.

The program codes in Table VI make use of the
conditional return program code (82 followed by 20).
The conditional return evokes a return function only
when all the program codes for the accessed function
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have been read out. For instance, if the variance 1s being
calculated, the conditional return stored at locations
26-2 and 26-3 1s 1gnored so that after having found the
mean according to the program codes at locations 24-3
through 29-2 is performed. The hierarchy address func-
tion (program codes 82,-) used with several routines to
address the hierarchy registers in order to maximize the
addressable storage area available in RAM chips

14a-144d.
STORING A KEYED-IN PROGRAM

When the operator desires to utilize his or her own
program in lieu of a program stored in the first or sec-
ond ROM'’s, he or she may do so by an appropriate key
sequence for storing keyboard enterable program codes
of Table III in RAMs 14a-14d. RAMs 14a-14d may
also be used for storage of numeric data, i.e., the results
of the calculations performed by this electronic calcula-
tor. Normally, RAMs 14a-14d provide a storage for
storing 480 program codes while RAMs 14c and 14d
provide 60 addressable memory locations for storing
numeric data. By depressing 2ND, OP, 1, 6, the opera-
tor may determine which data configuration RAMs
14a-14d are in; in this case, the number 479.59 would be
outputted. The number to the left of the decimal point 1s
the maximum address in RAMs 14a-14d for program
steps, while the number to the right 1s the maximum
~ address in RAMs 14a-14d of memory registers.

By inputting a number between one and ten, 2ND,
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OP, 1, 7; the inputted number is used as the number of 30

decodes of memory registers set aside in RAMs 14a-14d
and the resulting configuration is displayed in the afore-
mentioned manner. For example, inputting 7, 2ND, OP,
1, 7 results in RAMs 14a-14d being repartitioned with
seventy memory registers and 400 program step loca-
tions; also 399.69 would appear in the display.

RAMs 14a-14d can store up to 120 sixteen digit
words and can be partitioned to store as many as 960
program codes with no addressable memory registers to
as few as 160 program codes with 100 addressable mem-
ories in this embodiment. As can be seen from FIG. 16,
the addressable memory locations may be traded at the
rate of 10 for 80 program step locations when reparti-

tioning takes place. Of course, the precise number of

memories as well as the range of possible data configu-
rations is a design choice.

The partitioning data is stored in digits 3-8 of register
13 on double SCOM chip 14b (see FI1G. 19). Digits 8-6
holds the actual address in RAMs 14a-14d defining the
location of memory 00 while digits 5—35 hold the largest
number assigned to a memory. Thus, in the normal
479.59 configuration, 060 is stored in digits 8-6 while
059 is stored in digits 5-3. Attempting to branch to a
program location equal to or greater than the contents
of digits 8-6 causes an error condition, as does address-
img a memory greater than the number in digits 3-3 of
register 13.

Referring again briefly to FIG. 14, the down load
operational code may be utilized to permit a page in
second ROM 48 to be loaded into the program code
storage area of RAMs 14a-14d. The security code in the

second ROM 48 to be down loaded must be a 00 to
permit the down loading to occur. A O] security code

inhibits the down loading operation, thereby helping to
maintain the secrecy of the programs stored 1n second
ROM 48 should that be desired. If the security code bit
is set, then the programs in the second ROM may be
utilized to perform the function indicated but the series
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of program codes may not be read out of the calculator
to the operator. After a program is down loaded into
R AMs 14a-14d, the operator has free access for examin-
ing the program and altering it as he or she sees fit.

ALPHANUMERIC PRINTING OPERATIONS

Operational (OP) codes 00-07 are used for alphanu-
meric printing operations when the calculator of this
invention includes a printer. For example, a thermal
printer 1n combination with printing chip 18, such as
that provided by the PC-100a disk unit manufactured by
Texas Instruments Incorporated of Dallas, Tex. may be
used. The twenty character position PC-100a printer
may be utilized for printing a line of alphanumeric char-
acters chosen by the operator by loading five two-digit
character codes from the display register into four
printing buffers. These two-digit alphanumeric charac-
ter codes are listed in Table VII. The display register is
first loaded with five two-digit codes from the key-
board, which are transferred to one of the buffers by
OPO1-OP0O4 codes: of course, each buffer stores one
fourth of a line of characters.

The contents of the buffers are printed by a 2ND, OP,
0, 5 key sequence or by encountering 69, 05 program
codes from either the RAMs 14a-14d or second ROM
48.

OP code 06 causes the printing of the contents of one
buffer and the numeric contents of the display register.
OP code 07 prints an asterisk in the column correspond-
ing to the interger portion of the number then in the
display register, provided that number is in the range of
0-19. Thus, OP code 07 is preferably used for plotting a
series of answers obtained by the calculator. Of course,
the range 0 to 19 is a design choice and, of course, to
make better use of this plotting capability, the answers
to be plotted are preferably first normalized to occur
within the range 0 to 19. |

DESCRIPTION OF THE SECOND ROM CHIP
AND THE INTERFACE BETWEEN THE
SECOND ROM CHIP AND THE GTHER

CALCULATOR CHIPS

Referring now to FIG. 17, there is shown a block
diagram of second ROM chip 48'. The second ROM 48
implemented thereon, is provided by binary coded deci-
mal (BCD) ROM 600. The output of BCD ROM 600,
which outputs the program codes listed in TABLE II1,
for instance, is connected to serializers 605 and 606.
Serializer 605 converts both the high digit and low digit
of the program code to serial format and supplies it to a
digit selector. The serializer 606 converts only the high
digit of the program code to serial and also supplies it to
digit selector 607. Digit selector 607 provides the out-
put of serializer 605 to external output control 608 in
response to a decoded FETCH instruction or supplics
the output of serializer 606 to external output control
608 1n response to a decoded FETCH HIGH instruc-
tion.

BCD ROM 600 1s addressed by an address in pro-
gram counter 601. The address in program counter 601
preferably 1s a BCD four digit numeral. The address in
program counter 601 1s incremented each time a
FETCH (but not a FETCH HIGH) instruction 1s de-
coded and 1s maintained in BCD format by an one
bit/BCD corrector 604. Program counter 601 may be
loaded one digit at a time with a digit appearing on
External (EXT) wvia digit controls 602a-602d. Digit
strobe 603 controls which one of the digit control
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602a-602d is enabled; digit strobe 603 sequentially ena-
bles digit controls 602a-602d in response to a decoded
UNLOAD PC (unload program counter) or a LOAD
PC (load program counter) instruction. Digit strobe 603
is reset by a decoded FETCH instruction. The digit
control 602a-602d enabled by digit strobe 603 inputs a
single digit (four bits) of the four digit number from the
EXT bus in response to a decoded LOAD PC nstruc-
tion, the number being obtained from the bits occurring
during state times S3-86 on the EXT bus. Also, the
enabled digit control 602a-602d outputs a digit from
program counter 601 to the EXT bus in response to a
decoded UNLOAD PC instruction.

State time generator 609 outputs an indication to state
time PLA 610 of which one of the 16 possible state
times of an instruction cycle the calculator is in. State
time generator 609 is responsive to IDLE for maintain-
ing the state times generated thereby in phase with state
times generator on the arithmetic chip 10 or double
SCOM chips 12a and 12b, for instance. State time PLA
610 outputs selected timing signals to the various logic
circuits and also to serial instruction decode 611. Serial
instruction decode 611 is also responsive to the serial
instruction words appearing on IRG. Senal instruction
decode 611 decodes the aforementioned FETCH,
FETCH HIGH, UNLOAD PC and LOAD PC instruc-
tions.

External output control 608 outputs the serialized
low and high program code digits or the serialized high
digit alone from digit selector 607 in response to the
FETCH and FETCH HIGH instruction, respectively,
and outputs the digit from the enabled digit control
602a-602d in response to an UNLOAD PC mstruction,
the output from external output control being provided
to the EXTERNAL bus. |

Considering FIGS. 3a and 3b with F1G. 17, the fol-
lowing discussion examines the flow of data between
second ROM chips 48, arithmetic chip 10 and the main
ROMs 20a-20c. When a program is to be called from
second ROM chip 48’ according to the aforementioned
2ND, PGM, page number and label key sequence, the
location 0000 is first loaded into the program 601. This
may be done for instance by (1) zeroing a selected regis-
ter 50a-50e, which loads the zero in register R3 63. As
disclosed in the incorporated by reference U.S. Pat. No.
3,900,722, register RS 65 is automatically loaded with
the least significant digit after some arithmetic opera-
tion involving the arithmetic unit and Register RS 63
may be loaded with the least significant digit in key-
board board register 54 in response to a KRRS nstruc-
tion. Also the least significant digit of keyboard register
54 may be loaded with the contents of register RS 65 1n
response to a RSKR instruction. Now, the zero digit in
register R5 65 is loaded into the least significant digit
position of keyboard register 54. After having reset
digit strobe with a FETCH instruction, the zero is
loaded into each of the four digits of program counter
601 by four sequential LOAD PC instructions, thereby
transferring the zero in the LSD of the keyboard regis-
ter into all digit positions of program counter 601. Then
a FETCH HIGH instruction is issued followed by a
load keyboard with EXTERNAL (EXTKR) instruc-
tion for loading high digit of the program code output-
ted from ROM 600 into the keyboard register. The
contents of keyboard register 54 i1s then loaded mnto
register RS 65 and thence into a register 30a-50e using
an RS8-—Adder instruction (FIG. 5b). This high digit
may then be shifted in its register to the next more sigifi-
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cant digit position by register shift instructions (FI1G.
5b). A FETCH instruction then follows, which is fol-
lowed by a EXTKR, KRRS and R5—Adder instruc-
tions to load the low digit into the register in which the
high digit had been previously loaded, thereby provid-
ing the high and low digits in one of the operational
registers 50a-50e. This number may then be subtracted
with the inputted page number to determine whether
the inputted page number is available in ROM 600.

As can be seen, having an RS register of a single digit
length complicates the transferring of the low and high
order digits of the program code into an operational
register 50a-50e. It should be evident that an eight bit
register RS 65 would simplify this process; the method
herein described is used because register RS in the pre-
existing arithmetic chip 10 only has four bit positions.
Modification to the above described instruction se-
quence for a calculator system having an eight bit R3
register 54 should be evident to those skilled in the art.

It should be also evident to those skilled in the art that
this addressing sequence could be simplified 1if the 1/0
bus were used in leu of EXT. Then, however, addi-
tional connections would be necessary to interface the
second ROM chip 48’ with the rest of the calculator
system, thereby complicating the plug assembly for
interfacing chip 48’ with the remainder of the calculator
system.

Assuming that the inputted page number is available
in ROM 600, the inputted page number is multiplied by
two and the resulting address is loaded one digit at a
time into program counter 601 via register RS 65, key-
board register 54 and the EXT bus. As has been previ-
ously discussed, the two program codes at that location
and the following location in ROM 600 are read out
thereof one digit at a time using a sequence of FETCH
HIGH, EXTKR, KRRS, KR-->Adder, SHIFT,
FETCH, EXTKR, KRRS, RS3—Adder, SHIFT in-
structions and so forth in the manner previously set
forth for four digits. At this time, the four digit address
of the first program code for the inputted page number
has been loaded into a selected register 50a-50¢. This
process is then repeated for the next two program
codes, which are loaded into another register, this ad-
dress defining the first program code on the page imme-
diately following the inputted page number. The differ-
ence of these two numbers is taken and stored and the
address of the program code on the mmputted page 1s
then loaded one digit at a time into program counter 601
by generally reversing the above sequence and substi-
tuting the FETCH and FETCH HIGH instructions
with LOAD PC instructions, thereby loading program
counter 601 with the address of the first program code
on the inputted page number. The program codes are
then read out sequencially and compared with the in-
putted label, the calculator testing for a match thereof.
For each FETCH operation accomplished during this
label search, the aforementioned difference is decre-
mented by one. If the decrementing difference becomes
equal to zero before a match is found, the calculator
generates an error condition inasmuch as the label being
searched for does not exist on the particular page input-
ted by the operator. Once the inputted label 1s detected,
the outputted program codes are loaded into program
counter 54 which in turn is used to address main ROMs
20a-20c when a PREG instruction 1s generated telling
main ROMs 20a-20c to branch on the address being
outputted on EXT. The microcode at that address is
then read out in the usual manner to accomplish the
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function indicated by the outputted program code, that
sequence of events taking between fifty and several
thousand instruction cycles, for instance. At the end of
this sequence of instructions, a flag is tested to deter-
mine whether another program code is to be read from
second ROM 48, or whether a program code is to be
read from the program code storage area in RAMs
14a-14c, whether a program code is to be read from the
aforementioned constant ROM area in double SCOM
chips 12a or 12b or whether the calculator is simply to
await another keyboard input by the operator. This flag
1s a memory on one of the double SCOM chips; the
control of which the above-mentioned elements control
calculator operation will be subsequently discussed.
Assuming control is to be directed back to second ROM
48, FETCH and PREG instructions will again be issued
to cause the calculator to branch to the location defined
by the subsequent program code in second ROM 48.
This process will be repeated until a RETURN pro-
gram code is loaded into keyboard register 54, and main
ROM 20a-20c branches to the location defined thereby:
there instructtons transfer control back to normal key-
board inputs and the display is activated with the con-
tents of register A, unless of course, the above-men-
tioned 2ND, PRGM, page number, label key sequence
occurred as a separate chain 1n a user inputted program
in RAMSs 14a-14d, in which case, control would be then
returned to the program thereat.

It has previously been indicated that after the page
number has been inputted, a label search is commenced
on that page by inputting an appropriate label, i.e. either
the labels A-E or A’-E’ or the subroutine key (SBR)
combined with a non-numeric key (indicating that such
key 1s being used as a label) or a three digit number
(which is treated as a relative address, as aformen-
tioned). It should be appreciated that data may be en-
tered into the memories, including the display register,
after the page number is inputted and before the label or
relative address s inputted. In fact, many of the pro-
grams in the embodiment of second ROM 48 pro-
grammed according to Table VIII assume that the num-
ber in the display at the time the label 1s inputted is to be
used during the execution of the program identified by
the label.

Referring now briefly to FIG. 19, there is set out the
utilization of the sixteen registers on the two double
SCOM chips 12a and 12b. Each register can store up to
sixteen digits, each of which has four bits, of course.

Registers 1-8 and 12, as well as digits 1 and 2 in regis-
ter 13 are reserved for heirarchy control, although reg-
isters 1-8 may be addressed from the second ROM
using the aforementioned heirarchy address program
code.

Register 0 is reserved for: (1) ten user flags, (2) the
RAM/Constant ROM Program Counter and Program
Source Flag, (3) last key entry and (4) a fixed point
display indicator. The Program Source Flag in digit 3
and the digit 15 flag in Register B 53b (FIG. 3a) define
where calculator control 1s to be passed after the pres-
ent set of instruction words from first ROM 20 are
executed. If flag B 15 is set, then the calculator is under
control of a program etther in (1) RAM’s 14a-d, (2)
second ROM 48 or (3) the second ROM portion of the
constant ROMs on double SCOM chips 12a or 12b. If
flag B 15 15 reset, the calculator is under normal key-
board control. The program Source Flag is a 0 if con-
trol is to be returned to RAM 14d-d area; a | through
7 of control 1s to be passed to second ROM chip 48’; or
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an 8 or 9 1f control is to be passed to the constant ROM
area.

Registers 14 and 135 are utilized to permit superroutin-
ing of the programs in RAMs 14a-d or in second ROM
chip 48’. Thus after control passes to the element speci-
fied by the current program control flag, the stack im-
plemented by registers 14 and 15 is popped and the
location and new program control flag previously in
level one thereof is inserted into digits 7-3 of register 0.
Of course, when the number of superroutine levels in
the stack is one or greater, as indicated by the number in
digit 0 of register 15. The stack is pushed (i.e., another
level of superroutining is added) when (1) a function
stored i1n the constant ROM area (e.g. P-—»R) is encoun-
tered; (2) a label 1s encountered (e.g. A-E or A’E"); (3)
a subroutine program code or key depression followed
by etther a three digit address or a non-numeral label
address (which initiates either a branch or a label search
in the element presently controlling operation and if the
second ROM chip 48" is the controlling element, the
label search is limited to the present page); or (4) pro-
gram codes or key depressions for 2ND, PGM, and
then A-E’ or SBR and label (e.g. SBR X2o0r SBR =) or
SBR and a three digit relative address (initiating either
a label search on the indicated page or a branch to a
specific program code on that page whose address is
determined by adding the relative address to the address
of the first program code on that page). As can be seen,
siXx levels of such routines may be emploved in this
embodiment, with digit 0 of Register 15 indicating the
number of levels actually being utilized at any given
time.

Register 13 stores the addresses of the useable data
storage area in RAMs 14a-d, which may be varied or
reconfigured by the operator inputting appropriate OP
codes, as previously mentioned. Digit 0 of register 13
contains a flag indicating whether angular results are to
be provided in degrees, radians or grads.

Register 11 is used as the T register, for the compari-
sons made 1n the “conditional go to” program codes,
while register 10 stores eight program codes during
operations under RAM 14a-d or constant ROM con-
trol, at which time the eight programs stored in a con-
stant area or register in RAM being accessed are tempo-
rarily stored tn register 10 to simplify the extraction of
the program code to be used to address first ROM 20.

Register 9 contains the old and new page numbers
which allows the user to change pages easily. Register
9 also contains information about the program size, size
of the RAM and also the program’s security flag, which
may be stored in second ROM 48, if desired, as fore-
mentioned.

Referring now to composite FIGS. 18a-18i, there is
shown a detailed logic diagram of second ROM chip
48'. BCD ROM 600 is implemented as a conventional
virtual ground type ROM of the type disclosed in U.S.
Pat. No. 3,934,233, entitled **Read-Only-Memory For
Electrontc Calculator™, which issued Jan. 20, 1976 and
15 assigned to the assignee of this invention. Decoders
620 and 621 used in addressing ROM 600 are important
features of this invention which permit ROM 600 to be
addressed using BCD data without wasted space within
ROM 600. The decoders heretofore known in the prior
art, such as those exemplified by U.S. Pat. No.
3,934,233, decode either binary, octal, or hexadecimal
data, as the case may be. These decoders may be used
with a ROM to decode BCD data, of course: however,
in that case, large portions of the ROM would go un-
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used inasmuch as hexadecimal numbers 11 through 16
would be decodable, but have no need to be decoded.
Using the addressing scheme herein disclosed, permits
the addressing of ROM 600 with BCD data without the
wasted space within the ROM which would otherwise
result with conventional decoders.

ROM 600 is implemented as a 5000 x 8 bit array for
storing 5000 eight bit program codes, the addresses
thereof being the BCD encoded numerals 0000-4999.
These four numerals are stored in program counter 601.
Decoders 620 and 621 are able to decode these 5000
addresses without decoding the non-BCD codes often
seen in the binary data contained in a register such as
program counter 601. As will be seen, the ROM metal
line decoder 620 uniquely decodes the one of 125 metal
lines while the ROM difusion line decoder 621 decodes
one out of forty difusion lines for each bit in a program
code. Inasmuch as 12540 equals 5000, 5000 program
codes in ROM 600 will be uniquely identified by metal
decoder 620 and difusion decoder 621.

Metal decoder 620 comprises a plurality of one of five
decoders. These one of five decoders are provided in a
three level cascaded arrangement inashuch as 535X 35
equals 125. Referring to dashed lines B1-BS5, 1t can be
seen that the dashed line B1 encompasses a one of five
decoder, as do references dashed lines B2-BS. The in-
puts of one of five decoders B1-BS are connected to the
outputs of one of five decoder C1, all of which are used
to perform a one out of twenty-five decode. One of five
decoders C2-CS are identical to one of five decoders
B1-BS5. The five outputs from one of five decoders
C2-CS5 are each coupled to one of five decoders like
B1-BS (not shown) for providing the decoding of metal
lines 26-125. The inputs of one of five decoders C1-C3
are connected to the output of a third level one of five
decoder identified by a reference line D. The B level
decoders (e.g. B1-BS) are responsive to the A1-AJ bits
outputted from program counter 601, while the C level
decoders are responsive to the A7-AS bits and the D
level decoder is responsive to the A9-A1l bits from
program counter 601. The remaining bits, (e.g. A0, A4,
A8, A12, A1l3, and A14) are decoded by diffusion de-
coder 621, for providing a one out of forty decode.
Diffusion decoder 621 is divided into eight sections
621a--621h for addressing the eight bits of the addressed
program code. As can be seen decoder section 621a has
one output line (P,) one ground line and 39 intermediate
diffusions, inasmuch as ROM 600 is of the virtual
ground type. Decoder sections 621b-621h are identical
to section 621a, but output the P;-P7bits of the program
code.

It should be evident that decoder 621 performs a one
out of two decode for address lines A0, A4 and A8 and
performs a one out of five decode for address lines
A12-A14. It should be evident to one skilled in the art,
moreover, that other configurations of decoders 620
and 621 could be utilized. For instance, metal decoder
620 could be arranged to perform a one out of 250 de-
code by doubling the size of that decoder and adding a
one out of two decoder of line Ag, for instance, in front
of the D level decoders, while diffusion decoder 621
would perform a one of twenty decode by deleting the
Ao address line O and collapsing the size thereof by
deleting the odd numbered diffusion lines.

It should further be evident to those skilled in the art
that similar BCD only addressing schemes may be used
with other sizes of ROMs. For nstance, a 7000 word

ROM may be BCD addressed with an one out of 250
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metal decoder (2 X5X 35X 35) and an one out of twenty-
eight difusion decoder (2X2X7). As can be seen; the
numbers in the parenthesis are the prime number factors
of 7000.

Diffusion decoders sections 621a-621h output the
Po-P- bits of the program, respectively. The Po-P7 bits
are outputted serially on external during state times
S3-Si0 in response to a decoded FETCH instruction
while bits P4—P7 are to be outputted serially on external
during S3-Sg in response to decoder FETCH HIGH
instruction, as aforementioned. The Pg-P; bits from
decoder 621 are connected to bus 623 when strobed by
shift register 622 beginning at S2¢2 for the Po bit and
when enabled by logic 607a in response to a decoded
FETCH instruction. Bits P4—P+ are conducted to bus
623 starting at state time S2¢2 when strobed by shift
register 622 provided logic 607b receives a FETCH
HIGH command. Bus 623 is coupled to the EXT line
via external output buffer 624 when enabled by external
output control 608. Control 608, in combination with
logic 625, couples bus 623 to buffer 624 in response to
either a FETCH or FETCH HIGH command. The
data on bus 623 is one-half bit early due to a one-half bit
delay in buffer 624.

Program counter 601 is provided by a 154 bit shift
register, comprising thirty-one inverters. The other half
bit a delay occurs in the one bit adder/BCD corrector
604, thereby providing sixteen bits of storage for storing
four BCD numerals. The least significant digit in pro-
gram counter 601 is loadable from a four bit serial nu-
meral appearing on EXT during state times S3-S¢ via
digit control 602a in response to a LOAD PC com-
mand. As can be seen from FIG. 18, digit control 602a
inserts a new digit in the least significant digit position
in program counter 601 by coupling the data on EXT to
inverter 626 and open-circuiting transfer gate 627 con-
necting inverter 628 to inverter 626. Inverters 626 and
628 are two of the thirty-one inverters in program
counter 601. Digit control 602a also outputs to bus 629
serial data stored in program counter 601 when enabled
by digit strobe 603, the digit appearing on line 629 being
one-half bit early compared to the time at which it will
be outputted on EXT in response to a decoded UN-
LOAD PC instruction.

Digit controls 602b-602d are identical to digit con-
trol 602a, except that they are connected to program
counter 601 at appropriate places in the shift register
therein to interface with the next to the least significant
digit through most significant digit positions during the
S3-S¢ state time period. Bus 629 is connected to external
output control 608 which functions in combination with
logic 630 for conducting the BCD digit outputted from
the enabled digit control 602a-602d through to EXT
during S3-S¢ in response to a decoded UNLOAD PC
instruction. Bus 629 is one-half bit early compared to
the data on EXT, because of the one-half bit delay
associated with output buffer 624.

Digit strobe 603 is comprised of a four bit ring shift
register counter for sequentially enabling one of the
digit controls 602a-602d. Shift register 603 advances in
response to a LOAD PC or UNLOAD PC command
by logic 631; shift register 603 for enabling the LSD
digit decoder 602a in response to a decoded FETCH
instruction by a logic 632.

The four digit BCD number stored in program
counter 601 shifts through program counter 601 and
from the output thereof back to the input thereof via the
one bit adder/BCD corrector 604 each instruction cy-
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cle. The contents of shift register 601 is coupled to
thirty ROM address buffers 633 during Ss.$2 through
So.¢1. The output of the thirty address buffers 633 pro-
vide the Ag-Aj4 and Ag-Aj4 outputs to the metal de-
coder 620 and difusion decoder 621. Only fifteen stages

of the shift register in program counter 601 are output-
ted to ROM 600 via buffers 633 and decoders 620 and

621, inasmuch as the most significant bit of the most
significant digit in program counter 601 need not be
decoded when the largest address is 4999. It should be
evident to one trained in the art, however, to utilize the
outputs of all stages and to increase the size of the afore-
mentioned decoder 620 or 621 to accomodate exira
address lines for using larger addresses than 4999.

One bit adder/BCD corrector 604 1s a single bit,
serial adder that adds one to the stream of for BCD
digits circulating through it from program counter 601
in response t0 a decoded FETCH instruction. During
NON-FETCH (including FETCH HIGH) instructions,
the four BCD digits circulate through one bit ad-
der/BCD corrector 604 without the add one operation
being performed. The one bit adder/BCD corrector 604
does a “look ahead” at the serial stream of data exiting
from program counter 601 in order to determine if BCD
correction is necessary when an add one operation is to
be accomplished. When corrector 604 receives the least
significant bit of a digit, it is also provided with the most
significant bit of that digit for the “look ahead” opera-
tion. Corrector 604 is also provided with a clock signal,
BCD CORRECT, for indicating to corrector 604 when
the least significant bit of a digit 1s being received
thereby. If during this time period the least significant
digit is being inputted and a FETCH instruction has
been decoded, one will be simply added to the least
significant digit unless the first and last bits of that digit
are both a logical one, (i.e., a decimal nine has been
outputted), then in lieu of adding one, which would
form the illegal BCD code 1010, a 0000 is outputted
from corrector 604 in the corresponding four state times
and an add one operation is accomplished on the next
more significant digit via carry circuit 633 in corrector
604. Should that digit contain a nine, the above opera-
tion repeats and, if not, a one is added to that digit.

In one bit adder/BCD corrector 604, adder gates 634
perform the add operation when a one is outputted from
add one insertion gate 635 unless inhibited by gate 636.
Gate 635 is responsive to a decoded FETCH instruction
and state time S15¢2 for inserting a logical one into
adder 634 in the least significant bit of the least signifi-
cant digit or for inserting a one in the least significant bt
when enabled by carry circuit 633. Gate 636 i1s respon-
sive to a decoded FETCH instruction, the Ag and A3
bits from program counter 601 and the output of gate
635 for generating four logical zeros when a BCD nine
1S to be incremented during a FETCH instruction. Gate
636 is enabled by timing signal BCD correct at S4d1,
Sgdl, Si2d1 and Spdl, the BCD correct signal being
delayed 13 state times by a logic 637. Thus once gate
636 outputs a logical zero disabling the output from
adder 634, that condition remains for four state times
until the BCD correct signal is again generated from
PLA 610. Carry circuit 633 is responsive to adder 634
for generating carries within a digit and to gate 636 for

generating carries between digits.
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The state time generator 609 comprises sixteen state
time drivers, the first of which is responsive to a timing
signal on IDLE for sequencing the state times gener-
ated thereby with the state times generated on the other
chips in the calculator system. The outputs from the
sixteen state time drivers are supplied to a PLA 610 for
providing various timing signals used, for instance, for
outputting the program code during S3-S10, receiving
and outputting single digit addresses during S3-S6 and
the hke. PLA 610 also outputs in serial fashion four
serial trains of digits mimicking the LOAD PC, UN-
LOAD PC, FETCH HIGH and FETCH instructions
which are outputted from main ROM 20a-20c or IRG.
Of course, IRG also transmits many instructions which
are not decoded on chip 48"

These four serial bit trains are supplied to four serial
instruction decoder circuits E1-E4 in decoder 611,
along with the instruction words appearing on IRG.
Each decoder in serial instruction decoder 611 performs
an exclusive OR function on the data from IRG and one
of the bit trains from PLA 610. If the exclusive OR
function is satisfied for all bit positions of the instruction
word (indicating that there was a match between the
instruction word outputted and the bit train from PLA
610), then either a LOAD PC, UNLOAD PC, FETCH
HIGH or FETCH instruction has been decoded, de-
pending, of course, on which bit train is provided to the
particular decoder for which the exclusive OR function
was satisfied. Cross-coupled gates 638 perform exclu-
sive OR function and discharge NODE 639 when a
mismatch occurs anytime during the exclusive OR op-
eration. The decoder circuitry encompassed by refer-
ence lines E2-E4.

It should be remembered that in the calculator system
disclosed, an instruction i1s normally decoded during
one 1nstruction cycle and performed during the follow-
ing instruction cycle. Inasmuch as the UNLOAD PC,
FETCH HIGH AND FETCH operations output data
on EXT and considering that the keyboard register 54
in arithmetic chip 10 must be sensitized to input this data
by a EXTKR instruction, the data to appear on EXT
from chip 48° must appear one instruction cycle later
than the normal instruction cycle for executing decoded
instructions. That is, the FETCH, FETCH HIGH and
UNLOAD PC instructions result in data being output-
ted on external during the second instruction cycle
following decoding. ROM 600 1s a relatively large
ROM, so for FETCH, or FETCH HIGH instructions
the precharge cycle begins during the beginning of the
instruction cycle immediately following the decoding
of the instruction (by the FETCH M1 and FETCH
HIGH M1 signals) whereas the conditional discharge
occurs about one instruction cycle later. Thus ROM
percharge circuitry 640 is responsive to FETCH MI1
and FETCH HIGH M1 whereas the logic 625, 607a,
607b, add one/BCD corrector 604, logic 632 and the
like are sensitized to delayed FETCH instructions
FETCH M2 or FETCH M10.

I have described my invention in connection with
certain specific embodiments thereof. It i1s to be under-
stood that modification may now suggest itself to those
skilled in the art and that this invention is not limited to
the specific embodiment disclosed, except as set forth in
the appended claims.
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TABLE lIc
HEX CHIP INSTRUCTION WORDS+
ADDRESS
{REN  T¥C&T]  OF 2~ AN [ARF NAATY Aabd RCTh NCal NAER OLAL MY’ OCTE DQSE NOTE O9TL OFT7F A% AQTE
170F SHCST]T NOTFE NATE NAYF NQTF AQTE NA1SY AIRY AANC AO3Y ALVA NRFY 04aS JP0E ONRS 0ASS 1RA4 nes
746 THCRTI] AMNS (ANG RNAS NATS 1AON ANKS A2AG NAGTF nYI) AATR NPFY Q280 1002 NACA NAJR ATNRY IPuf
17180 1MCRYL- DCAL AT2U ADRA YAN? DANC D2A1 AALA Nsrm NAYA ALCE Aa3a QaCA A1DT ACUA OCAY ACAR QAN
jPuy  T=CST| QCAN naDA ARNAD ALQ4 1NN ANGS ORARL ANDY ANA AROA (RAS 0NnOA NALF noRa AR29 (N4 tFATY
17163 Tw &7y N2HA A2%E 100D NAIAR NsCA PaALA ITE ATRR VALY AAAT DIDS 020a ACTH OANRE NIN( n{hY nyln
1761 TSCSTY 0107 04T AAbA NAAMA fHEY NASKH HAPA AAnC MISRY AARR AQFY DAAT NAALA NARG (AAG ANUS PSS
RETTER CT LS X IR GASS AAAR JRAY ANES NANG (ARG ANTR A2ZMA NS BANA g2F % AIRA (AN ATAR JAYT A KU
1785 T¥(RTI] ALFB A{a) N{1] AFAr NSSA NAJA NSAL NPTy NORE NARTT OAEA JALA NAAA AQFX NPAR N21Q@ Nign
{794 1¥CS8T1  fANA AANK ANDS ARDY AYUNR ACAN AFUA §ABY ANRA (k1a ATAC J19ER N1280 Apsd A210 TR QMRS
1747 17 196 % AR LY 108T AALD (9AT OSAA OAIR NAAT Q280 1012 Nask (N)F hpup N1y NENF ALYy ONDTY7
{ TUA  Tw(RT)y 1IT19 aanC AYAN NLAY AANG 0and NAAS TANR (AL NAYY AANR 1AGS NARR AJES J1ANE AAYVE PAAT
{709 1=C%Ty . 02Fn 1) a(F nonp aaa? apfFQ N01a6 1AAE nToR ARAC nOuBd Anfa O0OUR NAIR GESK TAAD NNARS
1708 THCSTL AARS §RAy AASY ARUS AATA NATA JRRU AnTY NARR ATAR (ADS AN N05] AIRZ (IR niRZ Q1O
L7FR THCRTIY  A2NQ A4S NAAR {ARF ONREQ JCCS ONY0 Y9AN QAST A2FR DIYL OAIF DIDE NCTH NSNS ANTE N1YY
tIFC ImCRYY 0#0E A8t ANQY) (oA |
TABLE III 20 TABLE IlI-continued
PROGRAM CODE FUNCTION - KEY(s) PROGRAM CODE FUNCTION KEY(s)
00 0 0 54 ) )
01 ! 1 33 - +
02 ) "9 56 Deleie Program Code 2nd, DEL
03 3 3 57 Engineering Natation 2nd, ENG
04 4 4 25 58 Fixed Point Notation 2nd, FIX
05 5 5 59 Integer 2nd, INT
06 6 6 60 Degree 2nd, DEG
07 7 7 61 Go To GTO
08 8 8 62 Indirect Program Page # ZND, PGM
9 9 9 2ND, IND
0 E! 2nd, E 30 63 Exchange Indirect Memory  2ND, EXC
] A A # with display 2ND, IND
p: B B 64 Multiply Display Into IND, PROD
13 C C Indirect Memory # 2ND, IND
14 D D 65 Multiply X
15 E E 66 Pause 2nd, PAUSE
16 Al 2nd, A 35 67 Go To #if x =t 2nd, x =t
17 B 2nd, B 68 No Operation 2nd, NOP
18 Cl 2nd, C 69 Operation Code # 2nd, OP
19 D! 2nd, D 70 Radians 2nd, RAD
20 Clear IND, CLR 71 Subroutine Call SBR
21 2nd 2nd 72 Store in Indirect STO, Z2ND,
22 Inverse Function INV 40 Memory # IND
23 LNX LNX 73 Recall Indirect RCL, 2ND
24 Clear Entry CE | Memory # IND
25 Clear CLR 74 Add Display into SUM, 2ND
26 2nd ind, 2nd Indirect Memory # IND
27 Inverse Function 2nd, INV 75 Minus _
28 log 2nd, log 45 76 Lable Key 2nd, LBL
29 Clear Program 2nd, CP 77 GoTo#ifx 2t 2nd, x =t
30 Tangent ind, TAN 78 Insert Data Point 2nd, =+
3t [ earn LRN 70 Mean End* f
32 Exchange display and Xa=T 80 Grad GRD
T register 81 R eset RST
33 X? X7 82 Hierarchy Address Not directly
34 \‘— \I— >0 accessible
X X 83 Go to Indirect Address GTO, 2ND
35 1/X /X IND
36 Program Page 2nd, PGM 34 Operation Code Indirect #  IND, OP
37 Polar to Rectangular 2nd, P — R IND. IND
38 SII'IE ZI'Id. Sin {5 PIUS +
35 Cosine | 2nd, COS 33 86 Set Flag # 2nd, ST FLG
40 lr}dlrect Addressing 2nd, IND %7 If Flag # Set, Go To # Ind, IF FLG
41 Single Step SST 88 Degrees, Minutes, Seconds 2nd, DMS
42 Store in Memory # STO R0 - Ind,
43 Recall from Memory # RCL 90 List Program nd. LIST
44 Sum into Memory # SUM 91 Run/Stop R/S
4 v Y 60 92 Return INV, SBR
46 Insert Program Code 2nd, INS 93 Decimal Point |
47 Clear Memories 2nd, CMs 94 Change Sign L/
48 Exchange Display and 2nd, EXC 95 Equals —
Memory # 06 Write 2nd, Write
49 E:::Eg I;lsplay Into 2nd, prod 97 Decrement Register # 2nd, DSZ
50 Absolute Value 2nd, |x! 65 ::fGG” To # when
)] Back Step BST 98 Advance Paper ind, PAP
52 Exponent Entry EE 99 Print 2nd. PRT

53 ( (
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TABLE IV TABLE V
Program codes following an heirarchy address code (82) Codes Following OF Code (69)
FIRST DIGIT FUNCTION CODE MEANING
0 store 5 Imualize for alphanumeric printing
] recali Ol Fill far left quarter of print buffer
2 conditional return (second digit 02 Fill next to ieft quarter of prini buffer
Is 1gnored) . 03 Fill next to right quarter of print buffer
3 sum 1nto 04 Fill far right quarter of print buffer
4 multiply into 05 Print the buffer as filled with OPS 01-04
5 subtract from 06 Print display plus contents of OP 04
6 divide into 10 07 Plot asterisk in column number contained
7 : tn display register (0-19)
8 " 08 List labels
9 ' 09 Download page
SECOND DIGIT HEIRARCHY REGISTER 1? f;f:::::x
? no opﬁratlon 15 12 Slope, Intercept
5 5 13 Correlation
3 3 14 y
4 4 > " .
5 5 16 See current partition RAM
6 § 17 Repartition RAM
] . 20 8 If not error - Set flag 7
g g 9 If error - Set flag 7
. 20
9 no operation ,
‘ Increment memory 0-9
29
25 30

Decrement memory 0-9

TABLE VI

SCPuUE YV, STNFg0anF RELFend s GERSLO,NIGCLIYSEUSFD

SCHmn p,stnr-nsnl,nle:an|r,n£n-u|,ntnllsnuuusrn
ADNAFSS COMNSTANTRNY,2,3,8,A,T7,A

ADNRFSS CONSTaANTEY, 2,%,5,A,7,A

CANYY b ¥
rONSYENT
CONSYANY
tONSTANY
CANSTANTY
CONSTANT
Constrany
[OsstanTy
LONSTANY
ChvyYany
CONSYaNT
CONATANTY
CONST ANT
CONSTANTY
CONYTaNE
CNNYTaND
CONETANY
CONST AT
AN TANY
CONSTANY
CONKSTanY
Ch8Yany
CONSYaANTY
COvSTant
CANSTANTY
CONETANTY
CONITANT
CRNSTANT
CONSTamT
(NNYTAMTY
CONYTANY
CAvNSTant

a2 iIN2SASARZRQannl
R L ASE RALLIAL LI T 1Y
ZEONVRY(AITRANGY DS
12NON9OSNARIARG AN
B OLLLLI A AL LL AR R LY
I LLLGIE LI ELTT LR Y
ASNANAONOQYIORNLANAN
TenQNAANASAQRIBCHN
RenTAGIRA (L3378 A

AL LEALIYLYL TN LANLY)

LELLVLLLLLINYYY Y'Y ¥
113ABN0Y90ITATAANAANT
A LLLULELEEL-- 1L PN
RIBRRARAIRPIS AT
EERAN RRL P AL S LS 1iN):1
AY LB FLIGBL ISR V.Y Y,
EI L RRA LI T RABASRGLLY.
IRE AT LRBYRALRTARRLLYLY
LIRBLITRRATAYREALY
AIFILALRLTLY LA RLY
AT LEERLARE LI LRI
AR LRYLLEFAY LAY -RALLY"
220 1PSRSQ1ARPAGOyR Y
AL LR LFILRYASLFLY
AL IRALEIERLELFLY R
2530 185501av88y2%8n1
2hefSaa8 111200 p8unY
'R RS RAFAT LAY AR LN
A LA AR LAT RLALY LN
29875N%838183921\%y
IReS%Sanye18S3inavy
AR LILPATLERATAYRLY

G 1MNMVYLS ND)

S IQTT WYARXQANL

CAMSTYANY
CNNSTANY
CONSTaANT
CONSTANY
CONSTAMT
CONSTANT
CONsgTaVY
CoOmsTaNnTY
CONSTaNT
CONETANY
CONSTAMY
tONSTHANT
fOoNSTaNT
AL R RE LR
CONSFaANY
rosglaney
CONSTaNTY
Ot Y
FNRuSTaANT
CNANYTANT
CNrBTaNY
CONSTANY
COMNSTaANTY
CONSTAMY
O Tany
COVEYaNY
CONSTYIN]
‘CoNgTAnT
CNnSTan?
CONSTANTS
FriugYant
CNNSTANT

12375213515 1%214Sa
1%a55%4n1438S3njay
L YRR RARA BRI AL LT B L
L33 AV ISR RIS LIERARAYLL
}Aanfags s IssSantyy
I7RSUNROISS LY NQUY TS
LY AR IR RAT PFIRLR LY
LI FAY RYATAT LAY R L)
iNet20284%3108RD2N1 4D
AR IT AR GRAPA LI PR N
UPEAIUUNUIANIAENINS
GY02D820204098 Y 0ARA)
SUaRLZ\ATADYAAZAGLS
ass11M)ntuu9aninNag
TS YRR P ARAP LTSI RELF.
BRI APEALBARLEEPLA LD IN
JAsSISTI 2 LaANaLinTa)
AT ARE PRI LIS SRLY
C P PATERAFASLALEANR
SERL LY AL FRTLYTRY,
8720825132540 T782% A%
AT ARLFAYARIFPILRLEN
REENNNKASSIARAIE YL ]
SNENIASKSIII AR (AR
RAesnaSSOFINAADRGgANARN
STeKuS092)1AA2A5N40 Y
SR PRININZKANANYNS
LYIAEKOII{RAJAGKI N
APISUNRADATASSANLN Y
AIBIARASKIKISIAAR)
ABONAKSUAADITIASED D)
b laNARONOrARIS AN DD

S209D WwWydOOML
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TABLE Via
LOCATIONS ROUTINE
21.7-23-1 X! g
23-2-24-2 Y!
24-3-26-3 mean
26-4-29.2 variance
29.3-34.4 standard deviation
34.5-39.7 correlation coefficient(R)
40-0-42-1 2+ 10
42-4-47-1 2 —
47.2-51.2 R—-P
51-3-53-6 P—-R
53-7-584 D.MS (degrees, decimal
point, minotes and
seconds)
58-5-63-3 D.d (degrees, decimal 15
point, fractional
degree)
TABLE VII
ALPHANUMERIC 20
ALPHANUMERIC CHARACTER CODE
A 13
B 14
C 15
D 16
E 17 23
F 21
G 22
H 23
[ 24
J 25
K 26 30
L 27
M 30
N 31
O 32
P 33
Q 34 35
R 15
S 36
T 37
U 41
\Y 42
BCD CHIP
ADNRESS
0 THeSuy
17 tmMrguy
18 YMIrSoy
R tufgaq)
AR THurS y)
RY tTMFYa)
1672 TIrSay
119 turSpy
1164 TrRod
1% 19rgay
170 tursyy
LB TAYT
2Ny TMiSa)
PP TMESHy
WA TMr S,y
P85S tmPSuyg
21> rurgyy
2hq turkng
LLI R LIA YR
123 YwrSed
34N Tw(ESa)
187 tTmrNny
Y74 tur¥ay
191 ywrSot
SNA Turggy
E28 YwrSdd
ap Tvf&a)
¥Sqg TMrSuy
0TA YMPtay
BGY terSyy
S10 I=rggy
527 Yergny
S48 ThrRoy

TABLE VI1l-continued
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ALPHANUMERIC
ALPHANUMERIC CHARACTER CODE
W 43
X 44
Y . 45
Z 46
0 01
| D2
2 03
3 04
4 05
5 06
6 07
7 10
8 11
0 12
blank 00
— 20
. 40
+ 47
X 50
* 51
\% 52
i d 53
e 54
( 35
) 56
! 57
t 60
o, 61
>
< 62
/ 63
= 64
’ 65
e 66
x 67
p 70
? 71
-~ 72
! 73
I 74
A 75
i1 76
b 77
e — e —— e —————
TABLE VIII
PROGRAM CODES~+
7S An AN RU AP a3 11 41 18 1S 1% RY 1T 0y 19 Sy D)
29 2% 7Y 22 %1 28 14 24 N9 D27 a4 29 8D 15 9% 13 1
IV 5% %4 RO YA K] 42 an as Xt 68K Ok oA PN 8h 1) u?
AR BA &2 Ta 26 MO &2 NQ LN K8 A9 T PN D9 Ax U M)
Al T2 A) 9T a1 04 1S 92 T 9% Ty 24 A% 2 0y A0 7
TR 27 17 A A9 12 AR TR AQ t) 22 BB 2D YA 40 (U &)
20 1% 34 18 7)) Ak S8 §2 22 523 D AL AT AT G% NP Ny
AR N& 09 AR 0O AT Gh 00 I8 T4 94 a0 08 OF OY AL Oa
O% A7 nt oY 0L AS 49 Nd 0 A0 AD ALY A2 NS N 89 &
T4 1t SR @9 A2 ONF () &% 92 Th 17 GA 99 AP 00 D a9
Q2 TH Y A 99 A2 NN 1L 99 €2 Th 14 90 99 2 AN | ¥
RC 97 Th 1S Q8 QO A2 NO 1S 99 02 TA s SR 00 a2 Nl
16 00 92 T4 | T 9A 90 AP A0 17 90 Q) TA 1A QA Q9
it I8 90 92 T4 12 GA 99 A2 N0 |19 Q9 0D T M Q@A 3O
A2 A0 1A 9% 92 T 19 AN &Y 24 TS A1 S0 A4 4L 0T RS
NY? o5 Q2 Ta IR A} A ) Ay 22 Ga Ny 4% AT D2 na 0P
Q2 22 2T 08 O &) TS 0) v A} a4t N7 be NP TN AL RS
73 a2 Al A0 A @2 22 Q7 NS AN &G 75 7Y AN A TY Ny
AS TV 02 AY OA &2 9D T 11 82 AT 99 QA 93 T tD TN
12 A1 09K A4S Uy AT A AR 9% 8D Nt 3P 83 09 T2 A} 9
Y2 N) &4 A) 32 AY ON 83 Th 1% Wl AT 83 0N A Y AY
A7 25 a2 A) &Y NS 72 AL AL 2D ur AY BT A8 N1 A N
42 Na 4272 064 8Y e AS AT 85 42 nL TS A A7 T8 e 9%
472 nS 4% 0e tq @2 02 TY 02 KA D 322 97 N 0F PR )
44 AQ YU p) KA D2 7T At &9 12 4V Y AR g% AN RS AN
9% 42 6% A) A1 59 a4t NY 35 &y ne Ak AT 9N AT ND Du
42 AP AL %2 82 Ah 4 AT AS A1 95 a2 0N TY A Ay n)
T2 A2 4\ AT 44 AD 48 ALY QT AS p) 1D A\ re Y10 a4l N
TR AL 89 An 29 AT g %) 5 07 42 AN A% AD0 19 42 np
AR 0% A% 7Y 4Y nw 9% 42 nAL Ty AL S8 TY AP g% 82 ny
T2 0) &Y AT 86 n? 84 A% Y} AR nl Q9% 12 4% N} TT np
OF 4% Ny Qa pS Ty AP o4 e NY Kl NP KQ A 22 Nu NS
% NS 32 At fu »2T DY 1?2 A} NP 68 Ny as Nna G\ AT yQ



BCD

CHRIP

ADDRELS

5
R7A
S0%
hip
h?o
hUn
&b\
hA R
ABY
e
LAY
Tul
Th§
ThA)
749
Ayn
AYY
AGA

An?

ARg
LN
A
1S
&)
MG
DA,
inny
iaon
14%7
1A%
inry
{ARA
11rs
1122
19
I LS»
1173
1198
207
i220
i2dy
] ISA
127§
129>
R
1Y72»
IR RLA
REL
R RA
139
Py
jg2A
L
10a9
jern
U9
151
}1Sin
1547
1SAN
15P
|SQA
18} 8
1hip
LA
LY
1ah]
17AR
11y
IRAY |
115
1V7AN
}TAK
1RAD
{819

1AL,

IASY
IARTAN
LR
i1 9y
1921
1914
19K¢%
1972
1949
PO L
202\
FLLE)

TuersSay
LIS YR
Tur Say
tTurioy
TerSu
TurSa |
Tmr{ny
Tur o
T Nh}
1f a1
12fgyy
THESUY
AT Y B
twra)
12r%y|

Tef Q4

Turty)

AL TR

TMES A
TMP R0y
teurhoet
Turgyy
Tugfhay
Tl S 4y
LI TR
Ivfiny
TMr8ay
rTa{Qay
TurSay
THuEgyy
TMrSay
LI Y'E
TurSny
TurQay
YurSoy
TwfSay
TarSay
'“fiﬂ'
TMESH)
W&y
tuprSay
L YK
Yuriey
Tvr %oy
TerSuy
TurSad

TerSoed

Tegag
Twrhei
TSy
TSy
TefSa)
TerSy|)
LI NY
Turd gy
YF Ry
terSuy
Ty
LIS TR
PRy
TurSay

IETEYE

Tt G4
t»CSat
ETAYR
T=%d)
terSy
tiefSat
V4L Say
T“FfSul
TarHoy
LI gL R
TurRoy
TurRny
tmerSnd
Tl iy
Yurfay
TMrguy
TufrSay
Yurgyq
T Sa
terQuy
twpr &gy
Taf 59y
Yursus
Turgny
tewrQuy
THF &Yy

PROGRAM CODES*

ho
an
nR
>
Ny Ny
e
ny
AL MY
B )
0 L A
S
Th
ny V2
"y
.y
Ay TS
*s
s
hg
X
@y
¢y
NS
s2 A%
ax
nE 98
"y
1%
AR
Ny

ANt AN

nsy
" e
LR
9
nT 9%
172 ay
~%
nn
a\
“g
Th
7 AN
J2 OA
L R
42
an ni
0y eA
an
AS
nt
aX)
te
ny
Ta Y
av n
Th
49 0
15 13
Th
Th
LA N
92 14
A
HS
V2
hg (A
LX)
99
u 9
A
a3
IP Ga
18
42 0y
P L
L P
ho
Ul |
7l
A% 0y
LAY
%
132 Ny
@)
97
SN Y,
V2 4}

&7 Ay
%2 9)
97 4p
77 av
a4 N5
AY AL
% oD
44 nA
iy AS
4> N
T2 ni
16 RS
92 73
ho 19
&Y 1
4y ny
a% 71
22 N7
he 8%
T1 0n
0t 1%
he D
19 up
12 TV
Ay oS
ny A%
nr 6
e %
12 Ay
17 uY
87 0O
LA, B |
ns 7y
ny 9§
Th 119
»% oy
gag n?
a8V MY
ng o\
in K4
Y 0
& 39
2 aN
W2 Th
AL 78
nT MK
&) as&
AY 72
ay 12
4y na
hAY 57
92 Tk
Ak ny
89 Ny
5% uv
S ay
18 N
a9 np
Y& 0§
1§ In
th &%
1h 04
i& 17
1? o\
TA %)
8 &)
9?7 7w
Lh TH
YR N
T~ 18
] %d
Ny N
42 A
Sg gD
972 Th
nad A
1S ap
$4 22
TS 4
V7 ug
“1 1%
%S¢ 23
™m 17
12 Ny
Ny auy
AY TN
6 10
nE §1

.H'

39

dh
o
Y

TABLE VIII

58 M)

&\
3\
6
ol

G
RE
nh
ny

nt S99

AA
Ay
L ¥
f Y
9%
0
.2
an
neg
na
in
R
nt
o)
0y
4
an
a3

LA
¢
"y
00
ap
a0
hs
20
,9
19
" S
ha
n&
@y
X
nS
ni
Ny
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. memory for storing data, an arithmetic unit for perform-

Ing arithmetic operations on thc—; data stored n said dianta
memory, and a first nonvolatile memory for storing
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groups of instruction words for controlling the arithme-
tic operations performed by said arithmetic unit, the
combination which comprises:

(a) a second non-volatile memory for storing a plural-
ity of sets of program codes, each program code
being effective for addressing a preselected group
of instruction words stored in first non-volatile
memory, said second non-volatile memory being
disposed in a module having a plurality of electrical
contacts;

(b) a receptacle for temporarily interconnecting the
contacts on said module with said microprocessor
system;

(c) keyboard logic means for decoding inputs re-
ceived at said keyboard;

(d) means for addressing said second non-volatile
memory to read out preselected sets of program
codes, said means for addressing said second mem-
ory including a counter responsive to selected in-
structions outputted from said first memory;

(¢) means for addressing said first non-volatile mem-
ory in response to the program codes read out of
said second non-volatile memory, said means for
addressing said first memory including a first pro-
gram counter selectively responsive to said key-
board logic means and said program codes output-
ted from said second memory.

2. The electronic microprocessor system according
to claim 1, wherein said first and second non-volatile
memory are first and second read-only-memories, re-
spectively.

3. The electronic microprocessor system according
to claim 1, further including means for loading said

counter in said means for addressing said second read-

only-memory with a multibit number stored in said data
memory.

4. The electronic microprocessor system according
to claim 3, wherein said data memory comprises a plu-
rality of registers and a multibit register coupled to the
output of said arithmetic unit.

5. The electronic microprocessor system according
to claim 4, wherein said keyboard logic means includes
a keyboard register, the contents of which are loaded
into said first program counter in response to a particu-
lar instruction word outputted from said first read-only-
memory and loaded into said counter addressing second

read-only-memory in response to another instruction
word outputted from said first read-only-memory.

6. The microprocessor system according to claim 35,
further including means for loading said keyboard regis-
ter means with the contents of said multibit register
connected to the output of said arithmetic unit in re-
sponse to a given instruction word outputted from said
first read-only-memory, whereby said arithmetic umt,
multibit register connected to the output thereof, key-
board register means, and means for loading said key-
board register means provides said means for loading
said counter addressing said second read-only-memory
with a multibit number stored in said data memory.

7. The electronic microprocessor system according
to claim 6, further including random access memory
means for storing a user defined program comprising of
a selected sequence of key pushes at said keyboard, said
selected sequence of key pushes being stored as a se-
quence of program codes therein and means for loading
said program codes stored in said random access mem-
ory means into said first program counter.

8. The electronic microprocessor system according
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to claim 7, wherein said electronic microprocessor sys-
tem is provided in a programmable calculator.

9. The electronic microprocessor system according
to claim 1, further including random access memory
means for storing a user defined program comprising of
a selected sequence of key pushes at said keyboard, said
selected sequence of key pushes being stored as a se-
quence of program codes therein and means for loading
said program codes stored in said random access mem-
ory means into said first program counter.

10. The electronic microprocessor system according
to claim 9, further including means for loading said
counter in said means for addressing said second read-
only-memory with a multibit number stored in said data
memory.

11. The electronic microprocessor system according
to claim 10, wherein said keyboard logic means includes
keyboard register means for loading said first program
counter in response to a particular instruction word
outputted from said first read-only-memory and for
loading said counter addressing second read-only-mem-
ory in response to another instruction word outputted
from said first read-only-memory. |

12. The electronic microprocessor system according
to claim 10, wherein said keyboard logic means includes
keyboard registers, the contents of which are loaded
into said first program counter in response to a particu-
lar instruction word outputted from said first read-only-
memory and loaded into said counter addressing second
read-only-memory in response to another instruction
word outputted from said first read-only-memory.

13. The electronic microprocessor.system according
to claim 1, wherein said keyboard logic means includes
keyboard register, the contents of which are loaded into
said first program counter in response to a particular
instruction word outputted from said first read-only-
memory and loaded into said counter addressing second
read-only-memory in response to another instruction
word outputted from said first read-only-memory.

14. The electronic microprocessor system according
to claim 13, further including random access memory
means for storing a user defined program comprising of
a selected sequence of key pushes at said keyboard, said
selected sequence of key pushes being stored as a se-
quence of program codes therein and means for loading
said program codes stored in said random access mem-
ory means into said first program counter.

15. The electronic microprocessor system according
to claim 1, wherein a plurality of said second non-
volatile memories are provided in a plurality of mod-
ules, each one of said plurality of second-non-volatile
memories storing different sequences of program codes,
at least one of said modules including the second non-
volatile memory disposed therein, being receivable in
said receptacle at any given time.

16. The electronic microprocessor system according
to claim 15, wherein said electronic microprocessor

system is provided in a programmable calculator.

17. The programmable calculator according to claim
16, wherein said calculator includes a case in which said
data memory, arithmetic unit receptacle and first non-
volatile memory are disposed, said case having an open-
ing adjacent to said receptacle for temporarily receiving
at least a selected one of said modules.

18. The programmable calculator according to claim
17. wherein said first and second non-volatile memory
are first and second read-only-memories, respectively.

19. The programmable calculator according to claim
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17, further including a magnetic card reader for reading
magnetic cards providing storage for programs includ-
ing a plurality of program codes, a program memory for
storing program codes read by said magnetic card
reader, means for reading out of said program memory
said program codes and means for addressing said first
non-volatile memory in response to the program codes
read out of said program memory.

20. The programmable calculator according to claim
19, wherein said input means includes a keyboard and
wherein said calculator may be selectively placed in a
learn mode or run mode at said keyboard and wherein
said calculator further includes means for storing the
program codes according to the keys depressed at said
keyboard in said program memory when said calculator
1§ in said learn mode.

21. An electronic microprocessor system, having
input means for receiving data and for receiving input
commands, said input means including a keyboard, out-
put means for outputting data, a data memory for stor-
- ing data received and data to be outputted, an arithme-
tic unit for performing arithmetic operations on data
stored in said data memory, and a first non-volatile
memory for storing groups of instruction words for
controlling the arithmetic operations performed by said
arithmetic unit, the combination which comprises:

(a) a second non-volatile memory for storing a plural-

1ty of sets of program codes, each program code

being effective for addressing a preselected group
of instruction words stored in said first non-volatile

memory,

(b) keyboard logic means for decoding inputs re-
ceived at said keyboard;

(c) means for addressing said second non-volatile
memory to read-out preselected sets of program
codes in response thereto, said means for address-
ing said second memory including a counter re-
sponstve to selected instructions outputted from
satd first memory;

(d) means for addressing said first non-volatile mem-
ory tn response to the program codes read-out of
said second non-volatile memory, said means for
addressing said first memory including a first pro-
gram counter selectively responsive to said key-
board logic and to said program codes outputted
from said second memory;

(¢) magnetic card reader means for receiving pro-
gram codes stored on magnetic cards;

(f) program memory means for storing program
codes received by said magnetic card reader
means;

(g) means for addressing said first non-volatile mem-
ory in response to the program codes read-out of
satd program memory means; and

(h) wherein said means for addressing said first mem-
ory 18 further responsive to the program codes
outputted from said program memory.

22. The system according to claim 21, wherein said
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23. In an electronic microprocessor system of the
type having a keyboard, an arithmetic unit for perform-
ing numerical operations on data, a first memory for

storing a plurality of groups of instruction words, a first
address register for addressing the first memory, key-
board logic means for inserting addresses into said first
address register in response to key depressions at said
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keyboard and instruction word decoder means for con-
trolling the arithmetic unit in response to instruction
words outputted from the first memory, the combina-
tion which comprises:

(a) a second memory for storing a plurality of sets of
program codes, each program code being effective
for addressing a preselected group of instruction
words stored in the first memory, the second mem-
ory being disposed in a module having a plurality
of electrical contacts:

(b) a receptacle for temporarily interconnecting the
contents on said module with said microprocessor
system,;

(c) a second address register for addressing the sec-
ond memory;

(d) means for inserting a preselected address into said
second address register in response to the depres-
sion of a “program’ key at said keyboard:

(e) means for comparing the program code stored at
satid preselected address with a numerical value
inputted at said keyboard after the depression of
sald *‘program” key; and

(f) means for displaying an error condition when the
results of the comparison indicate that the numeri-
cal value inputted after the depression of the “pro-
gram” key 1s greater than the numerical value of
the program code stored at the preselected address.

24. The system as defined in claim 23, wherein said
first and second memories are first and second read-
only-memories.

25. An integrated circuit disposed in a module, the
module being temporarily receivable in a receptacle of
a calculator and the calculator including an instruction
word memory for controlling the operations performed
by the calculator, the integrated circuit comprising:

(a) a program memory for storing a plurality of pro-
gram codes, each program code having two four-
bit digits and being adapted for use by said calcula-
tor to address said instruction word memory;

(b) an address register for addressing the program
memory;

(c) an instruction decoder responsive to bit serial
Instructions generated by said calculator:

(d) first means coupled to said program memory for
outputting the four most significant bits of the ad-
dressed program code in serial to said calculator in
response to said tnstruction decoder decoding a
“FETCH HIGH"” instruction from said calculator;
and

(e) second means coupled to said program memory
for outputting the four least significant bits of the
addressed program code 1n serial to said calculator
In response to said instruction decoder decoding a
“FETCH" mnstruction from said calculator.

26. The system according to claim 25, further includ-
ing means for incrementing the address in said address
register in response to a decoded “FETCH" instruc-
tion.

27. The system according to claim 26, wherein said
address register stores a four digit address and further
including means for outputting to said calculator in
serial the contents of a sequentially different digit post-
tion of said address register each time said instruction
decoder decodes an "UNLOAD PC" mnstruction from
satd calculator.

28. A plug-in memory module for use in an electronic

microprocessor System having a keyboard, logic means
responsive to the keyboard for providing a predetermined
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one of a plurality of program codes in response to the selec-
tive actuation of the keyboard, a data memory for storing
data, an instruction memory for storing groups of instruc-
tions in a non-volatile form, program counter means cou-
pled to the logic means and to the instruction memory for
addressing a predetermined one of the groups of instruc-
tions in response to each of the program codes, an arithme-
tic unit for performing arithmetic operations on the data
stored in the data memory in response to the addressed
instructions, output means for indicating the results of the
arithmetic operations, and receptacle means including
contacts for temporarily receiving the memory module and
for coupling the memory module to the instruction memory
and to the program counter means, the memory module
comprising. |

a memory module housing having contacts connectabl
to the contacts of said receptacle means;

a program memory disposed within said memory module
housing for storing at least one sequence of stored
program codes in a non-volatile form;

counter means disposed within said memory module
housing and connectable to the instruction memory
via said contacts, said counter means being connected
to the program memory for addressing a predeter-
mined one of said stored program codes in response to
selected ones of the addressed instructions; and

means disposed within said memory module housing for
providing said addressed stored program codes to the
program counter means via said contacts, whereby the
instruction memory is also addressable by the pro-
gram counter means in response to said addressed
stored program codes.

29. A plug-in memory module for use in conjunction
with a data processing system having a first memory means
for storing a plurality of instruction codes and a first ad-
dress generator for generating addresses of said instruction
codes in said first memory means, said memory module
comprising.

{a) A housing member;

(b) A plurality of electrical conductor means disposed at

least partially within said housing member said con-
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ductor means for temporarily electrically coupling
said plug-in module to said system;

(c) Second memory means disposed within said housing
member and coupled to said conductor means, for
storing a plurality of program codes and for providing
said program codes to said system via said conductor
means, each of said program codes being effective to
cause said system to execute a plurality of said in-
struction codes; and

(d) Second address generator means disposed within said

housing member, coupled to said second memory
means and to said conductor means for selectively

generating addresses of said program codes in said
second memory means, said address generator means
including counter means for incrementing the address
of said second memory means.

30. The plug-in memory module according to claim 29
wherein said address counter is responsive to signals re-
ceived from said system via said conductor means for set-
ting the address of said second memory means to a selected
address.

31. The plug-in memory module according to claim 30
wherein said selected address is a branch address.

32. The plug-in memory module according to claim 29
wherein said counter means receives incrementing signals

from said system via said conductor means and increments
the address of said second memory means in response to

said incrementing signals.

33. The plug-in memory module according to claim 29
wherein said second memory means is a nonvolatile mem-
ory means.

34. The plug-in memory module according to claim 33
wherein said nonvolatile memory is a read only memory
means.

35. The plug-in memory module according to claim 29
wherein said first memory means is a nonvolatile memory
means. |

36. The plug-in memory module according to claim 35

wherein said nonvolatile memory is a read only memory.
% * » X W
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