
EP 0 272 821 B1 Description The present invention is concerned with error
recovery for calculators, Typically in the past, there has been only
minimal error correction available for calculators. 5     One example of
error correction is found on Hewlett-Packard Company's Model 41C
calculator, where the last value in the display may be recalled. The
calculator has an "X" register and a "Last X" register. The contents of the
X register are displayed. The Last X register preserves the value that was
last in the X register before the execution of a function. To place the
contents of the Last X register back into the displayed X register, a "LAST
X" function key may be depressed. 10     The above error correction scheme,
although providing some level of protection, does not allow for error
correction when a function operates on more than one register. Therefore,
for a calculator able to perform operations utilizing more than one
register a more extensive error correction scheme is desirable. In
accordance with the present invention there is provided a calculating
device comprising a data stack, which contains first data to be operated
upon, and means capable of performing error recovery which 15  includes a
calculating means coupled to the data stack for performing calculations
utilizing the first data to produce second data and for placing the second
data on the data stack; characterized by: data replication means coupled to
the data stack for receiving and storing the first data before the first
data is utilised by the calculating means in performing calculations; and
first data restoring means, coupled to the data stack and the data storage
means, for exchanging, in response to an undo command by a user of the
calculating device, the first data which is stored in said data replication
means with the second data which is placed on said data stack. The present
invention further provides a method for providing error correction in a
calculating device which performs arithmetic computations and which
utilizes a portion of memory configured as a data stack 25 for storing data
to be used in arithmetic computations and a portion of memory configured as
an operator stack for storing operators to be used in arithmetic
computations, the method including the step of performing an arithmetic
computation utilizing the data in the data stack and the operators in the
operator stack; characterized in that the steps of: 30     before
performing the arithmetic computation, storing the data in the data stack
to a first replication location and storing the operators in the operator
stack to a second replication location; after performing the arithmetic
computation, allowing the arithmetic computation to be undone in response
to an UNDO command by a user of the calculating device by exchanging the
original data in the data stack with the data stored in the first
replication location, and exchanging the original operators in the 35
operator stack utilizing the operators stored in the second replication
location. The capability to undo the calculation of an equation is a
superior error recovery system than available on any current user stack
oriented mathematical computation device. It completely removes the effects
of an accidental or incorrect key press or command execution. It also
permits the application of a sequence of operations, each applied to the
same set of arguments, without requiring the calculator user to reenter all
of 40  the arguments for each operation. It is completely general, in that
it is independent of the nature of the applied commands, the number or
types of the corresponding arguments and results, or the number of objects
in total present on the stack. Specific embodiments of the present
invention are now described, by way of example only, with reference to the
accompanying drawings, in which:- 45    Figure 1 shows the keyboard and
display of a calculating device in accordance with a preferred embodiment
of the present invention; Figure 2 shows the internal chip-level
architecture of the calculating device shown in Figure 1; Figure 3 shows
the random access memory configuration of the calculating device shown in
Figure 1; Figure 3a - 3i illustrate the display seen by the user in the
step by step, entering, manipulation and 50    evaluation of an expression;
Figure 4 is a flowchart representing the logical implementation of the user
interface of the calculator; Figures 5, 6, 7A, and 7B are expansions of the
key portions of Figure 4; Figure 8 is a flowchart which shows when a data
stack is saved in accordance with an RPN embodiment of the present
invention; 



55    Figures 9A - 9G show the contents of a data stack and a back-up data
stack in accordance with the RPN embodiment as shown in Figure 8; Figure 10
is a flowchart which shows how the invention can be implemented in a
non-RPN embodiment; and 2    EP 0 272 821 B1 Figure 11 A-11 F show the
contents of a data stack, a back-up data stack, an operator stack and a
back- up operator stack in accordance with the non-RPN embodiment as shown
in Figure 10. In Figure 1, a calculating device 100 is shown having a first
section 101 and a second section 102. First section 101 includes a
plurality of keys, which include keys for entering alphanumeric symbols. 5
Second section 102 includes a display 103. In the preferred embodiment,
display 103 is a liquid crystal, dot array display which displays four
lines of twenty-three characters each. Display 103 also includes a top line
106 of annunciators, (not shown), which are used individually to indicate
various calculator modes of object execution and/or operation. Second
section 102 also includes a plurality of keys, including number keys and
function keys as 10  labeled. An ENTER key 105 is used to terminate
alphanumeric character entry and to begin processing of the entry (see
Figure 7A and 7B). A shift key 106 acts to cause the next key pressed to
execute its alternate definition, as labeled above that key. Second section
102 also includes a row of six multi-function keys 104, which may have
associated with them a function or the value of a variable. The current
definition of a multi-function key is indicated by a 15  menu label
displayed directly above these keys, in the bottommost character row of the
display 103. First and second sections 101 and 102 contain various keys
that assign groups (menus) of associated calculator functions, in menu
subgroups of 6 to the multi-function keys 104. A menu label for each
calculator function is displayed above each key 104. Included is a USER
menu key 108, that assigns user variables automatically to the
multifunction keys 104. A NEXT key 109 causes the multifunction key 20
assignments to advance to the next group of six functions in the current
menu. The shifted function, PREV, 20   of this key 109 reactivates the
previous six functions. Second section 102 also contains an infrared
light-emitting diode 110, which is used for transmitting data to a
corresponding receiver, typically a printing device. The ON key 111 is a
special interrupt key that allows the user to turn the calculator on or
off, and to 25  interrupt normal calculator operation when the calculator
is on. In the Disclosure of the Invention, individual mathematical or
logical entities referred to as objects are said to be displayed and
manipulated on a last in first out stack of indefinite size. Calculator
operation centers around the evaluation of objects on the stack. An object
can be data, a name, or a procedure. Data objects do nothing special (they
are just data), name objects refer to other objects and procedure objects
30 process the objects and commands in their definitions. The fundamentals
of this calculating operating system are described in Patent Application
Serial No. 868,978, filed May 30,1986, for a Data Processing System And
Method for the Direct and Indirect Execution of Uniformly Structured
Objects Types, and assigned to the assignee of this invention. In the
referenced system, uniformly structured objects are indifferently mixed in
object memory with 35  object pointers. The objects address prologues of
object execution sequences in memory. The object pointers address other
objects. The objects are properly evaluated whether directly or indirectly
addressed. A pointer selectively points to or addresses objects or object
pointers. When an object is directly addressed by the pointer, the
addressee of the object's addressee in memory is addressed which initiates
the object execution sequence. 40     When an object is indirectly
addressed, the pointer addresses an object pointer. The object pointer
addresses an object. The object's addressee in memory is addressed which
initiates the object execution process. More particularly, the object
execution process employed in this invention, provides for correct and
automatic evaluation of both objects and object pointers which are
indifferently included in the execution 45 sequence. The objects are
provided with a uniform structure so that all objects can be indifferently 



executed, either directly or indirectly. Objects of different types are
still uniformly structured. Each comprises at least a prologue address and
a body. These two parts are contiguous in memory. The prologue address
addresses a prologue in memory which describes execution of the object. The
body is data. An object is pointed to, or addressed, if its prologue
address part is pointed to or addressed. so     The object may be a single
object or a composite object. If its body is a sequence of objects and/or
object pointers, it is a composite object. In the direct execution of an
object, a pointer, called an interpreter pointer, points to the prologue
address of an object. This prologue address addresses a prologue of object
execution in memory which directly identifies an object to execute. In
indirect execution of an object the interpreter pointer points to an 55
object pointer which in turn points to or addresses the prologue address of
an object which is the object to execute. Since the object pointer does not
address a prologue in memory, there is no direct identification of an
object to execute. The prologue address addresses a prologue of object
execution in memory. 3    EP 0 272 821 B1 Thus in providing uniformity of
structure among the objects, in which each comprises a prologue address and
a body, in the provision of prologues of object execution in memory and in
the use of object pointers and interpreter pointers in which interpreter
pointers and object pointers may selectively identify objects by pointing
to their prologue address parts and, additionally, in which an interpreter
pointer may 5  point to an object pointer, a simple technique is provided,
permitting intermixing of objects and object pointers for direct or
indirect object execution with a minimum of processing steps. This reduces
programming and conserves memory which significantly reduces processing
overhead. Definitions 10 Data Objects These objects represent data treated
as logical units: numerical data, character strings, and lists of objects.
15 Data Objects Type                  Object
Description 9      Real number           Real number
Real-valued                   decimal floating-point number. Complex
Complex number               Complex-valued number
decimal              floating-point 25
number. Binary                Binary integer               64-bit binary
integer                                            integer number. String
String                       Character string. 30 Real
Real  vector                 n-element  real array                 Real
matrix                  vector. nxm-element real 35
matrix. Complex               Complex vector               n-element
complex array                 Complex matrix               vector.
nxm-element complex matrix. List                  List
List  of  objects. 45  Name Objects These objects name other objects stored
in user memory. Local names can be created by procedures and are
automatically deleted when the procedure has completed evaluation. so 



55 4    EP 0 272 821 B1 Name Objects Type                  Object
Description 5      Name                  Name
Refers  to  an  object  stored in user memory. Local  name
Refers        to       an       object temporarily held in local memory.
Variables A variable is a combination of an arbitrary object and a name
that are stored together. The name becomes the name of the variable; the
other object is the value of contents of the variable. They are stored
together in user memory, which is separate from the stack. Variables
replace the numbered data registers and program memory found on most
calculators. 20 Procedure Objects These objects contain
precedures-sequences of objects and commands that are processed when the
procedure object is evaluated. A program object can contain any sequence of
objects and commands, 25 Including those affecting the stack, user memory,
or calculator modes. An algebraic object contains a limited number of
object types and commands, and its syntax is similar to mathemetical
expressions and equations. Procedure Objects 30 Type
object               Description Program               Program
Contains  any  sequence  of 35
objects. Algebraic             Expression           Contains             a
mathematical expression. Equation             Contains  a  mathematical
equation relating  two  expressions. 40 Programs 45 A program is
essentially the object form of a command line. The objects and commands
entered in the command line constitute a procedure. When that procedure is
surrounded by the program delimiters, this indicates that the procedure is
to be treated as an object that will be evaluated later. 50 Expressions An
expression is a procedure representing a mathematical expression that is
entered and displayed in a syntax corresponding to ordinary mathematical
forms. Evaluating an expression puts each object on the stack and evaluates
it. 55    EP 0272 821 B1 Equations Equations are two expressions related by
an equal "=" sign. Evaluating an equation produces a new equation. The new
left-hand expression is the result of evaluating the original left-hand
expression. The new 5  right-hand expression is the result of evaluating
the original right-hand expressions. Commands 



Commands are built-in procedures that can be included in programs. A
command name as is appears 10  in the command line (for example, DROP or
SIN) can be considered to be the unquoted name of a procedure object stored
in the calculator. The Stack 15     The stack is a sequence of numbered
levels, each holding one object. Objects enter the stack in level 1,
lifting objects already in the slack to higher levels. Objects also leave
the stack from level 1, dropping the objects remaining on the stack to
lower levels. All objects are treated identically--simply as objects-on the
stack. Commands are provided to duplicate, delete, and reorder objects in
the stack. Several of these 20  commands are found on the key board (DROP,
SWAP, ROLL, and CLEAR); others are in the STACK menu. Most commands take
input objects (called arguments) from the stack and after execution return
output objects (called results) to the stack. The arguments must be present
on the stack before the command is executed. The command removes its
arguments and replaces them with its results. For example, the function SIN
takes a value (a real or complex number, or an algebraic) from level 1,
computes its sine, and 25  returns the result to level 1. The function +
takes two values from the stack and returns their sum to the stack. This
type of logic, where the command comes after the arguments, is called
postfix logic or RPN, for Reverse Polish Notation. 30 Annunciators
Annunciator                       Indication 35
A program is suspended. The shift key has been pressed. Alpha entry mode is
active. The  calculator  is  busy-that  is,  not ready for keyboard input.
Low battery. 45                                       The current angle
mode  is radians. The calculator is sending output to the printer. 50
Object Entry When a key is pressed to begin entering new objects, the
character on the key is entered into a 55 command line. The command line
can contain any number of objects, represented in text form. It appears at
the bottom of the display (immediately above the menu labels, if present).
The command line also appears when EDIT, or VISIT is used to view or alter
the contents of an existing object. 6    EP0272821 B1 The contents of the
command line are processed when ENTER is pressed (or any command or
function key that automatically performs ENTER). The contents of the
command line are evaluated as a program, and the command line disappears
from the display. Any number of characters can be entered into the command
line. The line can be broken into several 5  rows by pressing NEWLINE,
which inserts a "newline" character (line-feed) into the command line
string at the current cursor position. Newline characters act as object
separators, but are otherwise ignored when the command line is evaluated.
If more than 23 characters are entered into the command line, characters
scroll off the display to the left. An ellipsis (...) appears in the
leftmost character position to indicate the undisplayed characters. If an
io attempt is made to move the cursor past the left end of the display, the
leftmost characters scroll back into the display, and the characters scroll
off the display to the right. An ellipsis then appears at the right end of
the display. When the command line contains multiple rows of text, all rows
scroll left and right together. Figure 2 shows the internal chip-level
architecture of calculating device 100. A central processing unit 201, two
read-only memories 203 and 204, and two combination display driver and
random-access 



15   memories 205 and 206, are shown coupled to a main bus 204. Each
display driver controls two character lines of the liquid crystal display
103, (207 and 208). A keyboard 202 is shown coupled to the central
processing unit 201. Keyboard 202 may include two sections of keys 101 and
102, Fig. 1, but may also represent alternate forms of entry of data such
as a touch-sensitive screen. The specific organization and utilization of
this system and its elements in accordance with this invention will be
apparent as this 20  description develops. Figure 3 is a map of the
utilization of the random access memories 205 and 206 by the operating
system contained in the read only memories 203 and 204, to support the user
interface of this invention. The term object used here and in the
referenced patent application, as noted above, represents any of the
multiplicity of data types supported by the operating system, including
mathematical data and expressions, 25 programs, etc. Objects may exist in
the read only memories 203 and 204, and in the random access memories in
the temporary object area 302, or the user variable area 310. Fig. 1,
section 101, lists object types, their symbols, and examples of objects
types. A reserve system memory 301 contains memory addresses that identify
the remaining memory regions 302-310, plus other permanently allocated
system data. so     A temporary object area 302 contains nameless objects,
created during calculator use. A return stack memory area 303 is a last in
first out stack of addresses that constitute pointers to object sequences
representing pending calculator operations. This stack grows towards the
end (higher addresses) of memory. A free memory area 304 is the region of
memory currently unused. 35     A data pointer stack memory area 305 is a
last in first out stack of addresses that constitute pointers to objects.
The user interface of the present invention displays a human-readable form
of the objects pointed to by the stack pointers, rather than the pointers
themselves. The data pointer stack memory 305 grows into free memory
towards the start (lower addresses) of memory. A command line memory area
306 is a dynamically allocated user memory used to accumulate user- 40
entered commands and data in the form of text characters. A temporary
environment memory area 307 is a dynamically allocated linked-list of
objects used primarily for storage of intermediate results and parameter
passage. A loop indices memory area 308 is used to save start and stop
indices for looping program constructs. A key map memory area 309 defines
the current functions associated with each keyboard key. 46     A user
variable memory area 310 contains named objects (variables) created
explicitly by the user. The accessing and function of the memories and the
display of the calculator, as well as the specific function of the system
of Figure 2, is demonstrated in the entry, manipulation and evaluation of
the expression LN (2.3 + 1.0) which follows. Reference is made to Figures
3a through 3i. 1. Press [ON] key 111. The display is as seen in Figure 3a.
The four lines of the display are numbered 50    on the left of the screen
in descending order from top to bottom. This is an immediate entry mode. 2.
Press ['] key 112. This delimiter symbolizes objects (names and
algebraics). The display is as seen in Figure 3b. In the immediate entry
mode (as seen in Figure 3a), this initiates or activates the algebraic
entry mode. The algebraic cursor 14 is in the lower left corner (line 1) of
the display screen beside the delimiter. In this mode, pressing a key
corresponding to an operation not permissible in an algebraic 56
expression executes the operation corresponding to the key. Pressing an
algebraic function key adds the function name to the command line. If the
function (LN) takes its arguments in parentheses, such as LN (2.3 + 1.0),
the opening parentheses is also added. Lines 1 to 4 are shifted up leaving
lines 1, 2 and 3 visible. 7    EP 0 272 821 B1 3. Press the shift key 107
and the shifted LOGS key 113. The display is as seen in Figure 3c. The
individual menu labels 15 are displayed in line 1. The algebraic cursor 14
is lifted to line 2 and lines 1 to 4 are shifted up, leaving numbered lines
1 and 2 visible. 4. Press LN. This is that menu key 104 immediately below
label LN in the menu display. The display is 5    as indicated in Figure
3d. The function LN with a bracket or parentheses on its right is added in
line 2 



and the algebraic cursor 14 is shifted to the right. 5. The expression 2.3
+ 1.0 is now added by actuating the correspondingly marked keys in
sequence. The displays corresponding to these steps appear in 3e, f, and g.
The menu labels remain unchanged. 6. Next press the shift key 107 and the
shifted key 116, This adds the bracket, Figure 3h, to the end of 10   the
expression, which completes the quantity (2.3 + 1.0). 7. The ENTER key 105
is now actuated. This shifts the expression to the right side of the
display, as seen in Figure 3i, and enters the expression at the bottom of
the display stack. The cursor 14 disappears. Figures 4, 5, 6, 7a, and 7b
show flowcharts representing the logical implementation of the user
interface 15  of the present invention. The "outer loop" shown in Figure 4
is an endless loop constituting the outermost level of user interaction.
Terms used in this diagram are as follows: 1. The top Outer Loop function
401 is a logical start of the loop. 2. The low memory function (402) means
a condition where available free memory 304 is so small that normal
calculator operation becomes difficult. A low memory warning 401 a is
displayed. 20   3. The display stack function (403) (memory area 305)
provides data stack objects from the data stack memory area 305 to
user-readable characters which are entered on the right side of the display
103. The logic of this step is expanded in Figure 5. The stack altered
function 403a initiates the display. 4. The ENTER function (404) refers to
the operation of parsing and executing the contents of the command line
306, which can be initiated by pressing any immediate-execute key,
particularly the 25    [ENTER] key 105. 5. The TRACE function (405) refers
to a user-controlled calculator mode. When trace mode is active, all user
input and calculator results are automatically transmitted for printing via
the infrared light-emitting diode 110. 6. The selection of a different menu
for execution requires a new menu display for user viewing and 30
interaction, if necessary. Decision function 406, Menu Changed, initiates
displaying the new menu label, function 407. When the command line is
changed, a new line is displayed. Decision function 408 initiates the
redisplay function 409. 7. The Error decision function 410 refers to any
calculator mathematical or logical error that interrupts the normal
completion of a calculator operation. It initiates the display error
function 411. 35    8. The Busy annunciator function (407) relates to the
display of that annunciator in line 106. This annunciator indicates that
the calculator is busy, i.e., not ready to process new keystrokes. It is
turned off automatically. 9. The command stack function 411 which updates
the command stack pointer which is a stack of four most recent command line
entries, saved for subsequent reuse. These are entries in memory area 306.
40    10. The process key step (409) waits for and processes each key
press. It is detailed in Figure 3. The outer loop may wait indefinitely at
this stage while awaiting new keyboard input. Figure 5 shows the logic of
the display stack operation 403. The display 103 can display four lines of
character data. In order of decreasing priority, the normal display,
contains, starting with the bottommost display line: 45    1. Zero or one
line containing menu key labels, shown in white-on-black characters. 2.
Zero to four lines of the current command line entry. 3. Up to four lines
of stack objects. The "window" referred to in Figure 5 (501, 502) indicates
the portion (one to four lines) of the display available for stack object
display, determined by the presence of the menu label line and/or the
command 60  line display. The number of stack lines (503) is the number of
lines available in the window. If the number of stack lines available is
zero or less the display is passed. If one or more lines are available the
next object, if one is available, is accessed for display. The operations
Edit and Visit, initiated by actuation of these shift keys in Fig. 1,
referred to in decision function 504, cause an object to be copied from the
stack to the command line so that its contents can be 65 edited by the
user. If the edited object is simultaneously visible in the command line
and stack displays, the stack display of the object is shown in inverse
vide (white-on-black function) 505. Function 506 tests a user-controlled
multi-line display mode. If the multi-line mode is active, the first stack
object is shown in one or more display lines if required (functions 507,
501, 508, 509). Otherwise, it is 8 



EP 0 272 821 B1 shown in a one-line form. All other stack objects are shown
on one line. The Return function 510 is to step 403 is to step 403 of
Figure 4 which returns the display to the stack. Figure 6shows the logical
flow of the process key step 414. The GET KEY step 601 is a wait state
during which the process flow halts until an execute key press is detected
by the electronics. This may be 5  the algebraic mode in which objects may
be entered in the command line. This state also can be interrupted (602) by
electronic interrupts caused by system timers or the [ON] key 111. The
interrupts allow the system to blink the command line cursor, if present,
and to update the system clock. If the multi-function key which is acting
is a cursor movement key, a multi-function key press is detected by
function 603, and the cursor movement is executed by function 604. 10    If
alpha mode is active as determined at alpha mode function (605), the alpha
mode definition of the current key is executed by the execute alpha key
unction (606). For most keys, this means just adding the key name to the
current command line in memory and on the display. If the algebraic entry
mode is active, decision function (607), and the current key is a character
key or corresponds to a function that is legal in algebraic expression
syntax, as determined at function 608, the 15  alpha mode definition of the
current key is executed by the execute alpha key function 606. If neither
alpha nor algebraic entry modes are active, the calculator is in the
immediate entry and execute mode, at step 609. If the current key's
definition includes an automatic execution of ENTER, the ENTER sequence 610
(see Figure 7A and 7B) is executed. Finally, the key's immediate entry
definition is executed at function (611). 20     The return 612 is to the
outer loop. Figures 7A and 7B are a flowchart for the logical
implementation of the ENTER operation step 610. At the start of the ENTER
process, the busy annunciator 701 in the annunciator line 106, not shown in
Fig. 1 but referenced in the definitions, is turned on. This is cleared
only by the turn of busy annunciator 412 after all resulting processing is
complete and the calculator is ready for additional user input. 25     The
UNDO enabled function 702 signifies that the calculator will save a copy of
the data stack prior to further processing, for the purpose of error
recovery, the save copy of the stack function 703 is initiated. Step 704
resets the top-of-stack display counter, in case it has been altered by a
stack view function. In step 705, the name of the function corresponding to
the current key press is obtained for the purpose of TRACE mode printing.
If the command line is empty, decision function 706, initiates the TRACE
decision 30 function 707. If the TRACE mode is enabled, the function name
is printed. The print function name step 708 causes the function name to be
transmitted via the infrared light-emitting diode 110 of Fig. 1. If the
command line is not empty, then the entire command line is parsed, i.e.,
checked for correct syntax, at the parse command line function 709. If a
syntax error is detected at the parse error decision function 710, the
command line is restored by function 711, with the cursor at the location
of the error within 35  the line, and a Syntax Error message is displayed
by this function 711, and control returns to the top of the outer loop 401.
If the command stack is determined to be enabled by the decision function
712, the command line text is saved by function 713 in the 4-level command
stack, for possible re-use. At decision function 714, Fig. 7B, if TRACE is
enabled, function 715 causes the contents of the 40  command line, and the
current key function name to be transmitted by the infrared light-emitting
diode 110 for printing. If the current ENTER is terminating an edit of the
stop stack object, decision function 716, initiates function 717 to drop
that object from the stack. Next, an EDIT ENDED determination 718 is made.
At the evaluate parsed command line function 719, the program presented by
the command line entry 45  plus the current key definition is executed.
This is the primary user-visible step, representing the execution of the
instructions given to the calculator by means of the comannd line and the
terminating key press. When the command line execution is complete, if the
current ENTER terminated the editing (VISIT) of a stack object or a
variable, the new topmost stack object is used to replace the original
object (721). The return 722 is to the process or execute key operation 611
as seen in Fig. 6. 50     To simplify explanation of the error correction
ability of the described calculator, a simplified conceptual 



representation of a primary data stack 901, and a back-up data stack
back-up data stack 902 are shown in Figures 9A - 9G. Primary data stack 901
is used to store data for use in RPN calculations, and back-up data stack
902 is used to store copies of information in data stack 901. Both primary
data stack 901 and back-up data stack 902 may be stored in random access
memory 205. 56     Figure 8 is a simplified flowchart of a program which
implements the error correction on an RPN calculator such as the calculator
previously described. In step 801 the program waits for a user to depress a
key. Once a key is depressed the program in step 802 evaluates whether the
key was an immediate execute key. An immediate execute key is a key which
causes the contents of the display and/or the 9    EP 0 272 821 B1 contents
of the stack to be operated on. If the depressed key was not an immediate
execute key, the monitor waits for the next key. Otherwise, in step 803 the
program evaluates whether the key causes the contents of the display to be
entered on primary data stack 901. If not, the key command is executed in
program step 804. Otherwise, in step 805, 5  the contents of primary data
stack 901 are stored in back-up data stack 902. Then in program step 806
the contents of the display are entered into primary data stack 901. The
program then evaluates whether the key depressed was ENTER key 105. If so
the monitor waits for the next key. Otherwise, the program, in step 808,
performs the function specified by the depressed key. The following is a
brief description of an operation in which the changes in the contents of
primary data 10   stack 901 and back-up data stack 902 are shown. In Figure
9A, primary data stack 901 and back-up data stack 902 are shown to be
empty. (TOS stands for Top of Stack). Figure 9B shows the contents of
primary data stack 901 and back-up data stack 902 after a user enters the
following sequence: 4 3 ENTER The numbers "4" and "3" are not immediate
execute keys. ENTER is an immediate execute key, however, primary data
stack 901 was empty aND therefore no data was transferred into back-up data
stack 902. 25     Figure 9C shows the contents of primary data stack 901
and back-up data stack 902 after a user enters the following sequence: 5 30
7 ENTER 35 As can be seen, before entering 57 onto primary data stack 901,
the contents of primary data stack 901 are duplicated onto back-up data
stack 902. Figure 9D shows the contents of primary data stack 901 and
back-up data stack 902 after a user enters the following key stroke: In
this case the contents of primary data stack 901 is duplicated onto back-up
data stack 902 before adding the contents within primary data stack 901.
Backing up to the state of primary data stack 901 and back-up data stack
902 shown in Figure 9B, a user might enter the following alternate
sequence: 5 45 7 + 50 Then the contents of primary data stack 901 and
back-up data stack 902 would be as shown in Figure 9E. If at this point a
user were to depress Shift key 107 followed by UNDO key 120, depending on
implementation, the contents of primary data stack 901 and back-up data
stack 902 are exchanged as shown in Figure 9F, or the contents of primary
data stack 901 is replaced by the contents of back-up data 



55 stack 902 as shown in Figure 9G. The invention may be used in alternate
embodiments. For example, Figure 10 is a flowchart which describes how the
present invention may be implemented one of many embodiments of a non-RPN
calculator having an operator stack 1101, a data stack 1102, a back-up
operator stack 1103 and a back-up 10    EP 0 272 821 B1 data stack 1104.
Operator stack 1101, data stack 1102, back-up operator stack 1103 and
back-up data stack 1104 are shown in Figures 11A - 11 F. The following is a
brief description of an operations in which the changes in the contents of
operator stack 1101, data stack 1102, back-up operator stack 1103 and
back-up data stack 1104 are shown. In 5  Figure 11A, operator stack 1101,
data stack 1102, back-up operator stack 1103 and back-up data stack 1104
are shown to be empty. Figure 11B shows the contents of operator stack
1101, data stack 1102, back-up operator stack 1103 and back-up data stack
1104 after a user enters the following sequence: 10
4 3 15 Entering the operator " +" causes a partial parsing of the equation
and values are put on both operator stack 1101 and data stack 1102. Figure
11C shows the contents of operator stack 1101, data stack 1102, back-up
operator stack 1103 20 and back-up data stack 1104 after a user enters the
following sequence: 5 7 25 Figure 11D shows the contents of operator stack
1101, data stack 1102, back-up operator 1103 and 30   back-up data stack
1104 after a user enters the following sequence: 9 ENTER The contents of
operator stack 1101 and data stack 1102 are saved in back-up operator stack
1103 and back-up data stack 1104 respectively before performing the
calculation. If a user at this point were to depress an "UNDO key,
depending on implementation, contents of 40 operator stack 1101 and data
stack 1102 would be exchanged with the contents of back-up operator stack
1103 and back-up data stack 1104 respectively as shown in Figure 11E, or
the contents of operator stack 1101 and data stack 1102 would be replaced
by the contents of back-up operator stack 1103 and back-up data stack 1104
respectively as shown in Figure 11 F. 46 Claims 1. A calculating device
comprising a data stack (901,1102), which contains first data to be
operated upon, and means capable of performing error recovery which
includes a calculating means (200,201) coupled to the data stack (901,1102)
for performing calculations utilizing the first data to produce second data
50     and for placing the second data on the data stack (901,1102);
characterized by: data replication means (902,1104) coupled to the data
stack (901,1102) for receiving and storing the first data before the first
data is utilised by the calculating means (200,201) in performing
calculations; and 55        first data restoring means, coupled to the data
stack (901,1102) and the data storage means (902,1104), for exchanging, in
response to an undo command by a user of the calculating device, the first
data which is stored in said data replication means (902, 1104) with the
second data which is placed on said data stack (901, 1102). 11   



.                                *   C  L  M  S  * EP 0 272 821 B1 data
stack 1104. Operator stack 1101, data stack 1102, back-up operator stack
1103 and back-up data stack 1104 are shown in Figures 11A - 11F. The
following is a brief description of an operations in which the changes in
the contents of operator stack 1101, data stack 1102, back-up operator
stack 1103 and back-up data stack 1104 are shown. In 5  Figure 11A,
operator stack 1101, data stack 1102, back-up operator stack 1103 and
back-up data stack 1104 are shown to be empty. Figure 11B shows the
contents of operator stack 1101, data stack 1102, back-up operator stack
1103 and back-up data stack 1104 after  a user enters the following
sequence: 10 [err] [err] Entering the operator "+"  causes a partial
parsing of the equation and values are put on both operator stack 1101 and
data stack 1102. Figure 11 C shows the contents of operator stack 1101,
data stack 1102, back-up operator stack 1103 20 and back-up data stack 1104
after a user enters the following sequence: 5 7 25 Figure 11 D shows the
contents of operator stack 1101, data stack 1102, back-up operator 1103 and
30 back-up data stack 1104 after a user enters the following sequence: 9
ENTER The contents of operator stack 1101 and data stack 1102 are saved in
back-up operator stack 1103 and back-up data stack 1104 respectively before
performing the calculation. If a user at this point were to depress an
"UNDO key, depending on implementation, contents of 40 operator stack 1101
and data stack 1102 would be exchanged with the contents of back-up
operator stack 1103 and back-up data stack 1104 respectively as shown in
Figure 11E, or the contents of operator stack 1101 and data stack 1102
would be replaced by the contents of back-up operator stack 1103 and
back-up data stack 1104 respectively as shown in Figure 11 F. 45  Claims 1.
A calculating device comprising a data stack (901,1102), which contains
first data to be operated upon, and means capable of performing error
recovery which includes a calculating means (200,201) coupled to the data
stack (901,1102) for performing calculations utilizing the first data to
produce second data 50     and for placing the second data on the data
stack (901,1102); characterized by: data replication means (902,1104)
coupled to the data stack (901,1102) for receiving and storing the first
data before the first data is utilised by the calculating means (200,201)
in performing calculations; and 55        first data restoring means,
coupled to the data stack (901,1102) and the data storage means (902,1104),
for exchanging, in response to an undo command by a user of the calculating
device, the first data which is stored in said data replication means (902,
1104) with the second data which is placed on said data stack (901, 1102).
EP0272 821 B1                           *   C  L  M  S    * 2. A
calculating device as in claim 1 further including operator stack means
(1101) for sequentially storing operators wherein the calculating means
(200,201) is additionally coupled to the operator stack means (1101) and
performs calculations utilizing operators stored in the operator stack
means (1101) and data stored on the data stack; 5         characterized by:



operator replication means (1103) coupled to the operator stack means
(1101) for storing a replication of the sequence of operators stored on the
operator stack means (1101); and first operator restoring means coupled to
the operator replication means (1103) and the operator stack means (1101)
for exchanging in response to said UNDO command the contents of the
operator 10     stack means (1101) with the contents of the operator
replication means (1103). 3.  A calculating device as in claim 2,
characterized in that the first operator restoring means includes a second
operator replacing means for exchanging the contents of the operator
replication means (1103) with the contents of the operator stack means
(1101) and wherein the first data restoring means 15    includes a second
data restoring means for exchanging the contents of the data stack
(901,1102) with the contents of the data replication means (902,1104). 4. A
calculating device as claimed in any one of claim 1 including user entry
means for allowing a user to direct the calculating device to perform
calculations; 20        characterized by: undo means, coupled to the data
stack (901,1102), the data replication means (902,1104) and the user entry
means, for, in response to a user direction, directing the first data
restoring means to exchange said first data with said second data. 26  5. A
method for providing error correction in a calculating device which
performs arithmetic computations and which utilizes a portion of memory
configured as a data stack (901,1102) for storing data to be used in
arithmetic computations and a portion of memory configured as an operator
stack (1101) for storing operators to be used in arithmetic computations,
the method including the step of performing an arithmetic computation
utilizing the data in the data stack (901,1102) and the 30     operators in
the operator stack (1101); characterized by the steps of: before performing
the arithmetic computation, storing the data in the data stack (901,1102)
to a first replication location (902,1104) and storing the operators in the
operator stack (1101) to a second replication location (1103); 35
after performing the arithmetic computation, allowing the arithmetic
computation to be undone in response to an UNDO command by a user of the
calculating device by exchanging the original data in the data stack
(901,1102) with the data stored in the first replication location
(902,1104), and exchanging the original operators in the operator stack
(1101) with the operators stored in the second replication location (1103).
Patentanspruche 1. Recheneinrichtung, mit einem Datenkellerspeicher (901,
1102), der erste zu bearbeitende Daten enthAlt, und einer Vorrichtung, die
eine Fehlerbeseitigung durchflhren kann und eine mit dem Datenkellerspei-
45     cher (901, 1102) verbundene Rechenvorrichtung (200, 201) aufjweist,
um unter Verwendung der ersten Daten Berechnungen durchzuf0hren, um zweite
Daten zu erzeugen, und urn die zweiten Daten in dem Datenkellerspeicher
(901, 1102) unterzubringen, gekennzeichnet durch eine mit dem
Datenkellerspeicher (901, 1102) verbundene Datennachbildungsvorrichtung
(902, 1104) zum Empfangen und Speichern der ersten Daten, bevor die ersten
Daten von der Rechenvorrichtung so     (200, 202) beim Durchf0hren von
Berechnungen verwendet werden, und eine Wiederherstellungsvorrichtung fOr
erste Daten, die mit dern Datenkellerspeicher (901, 1102) und der
Datennachbildungsvorrichtung (902, 1104) verbunden ist, um abhdrngig von
einem RUcknahme- Befehl von einem Benutzer der Recheneinrichtung die ersten
Daten, welche in der Datennachbildungs- vorrichtung (902, 1104) gespeichert
sind, gegen die zweiten Daten, welche in dern Datenkellerspeicher 66
(901, 1102) untergebracht sind, auszutauschen. 2. Recheneinrichtung nach
Anspruch 1, mit ferner einer Operator-Kellerspeichervorrichtung (1101) zum
seriellen Speichern von Operatoren, wobei die Rechenvorrichtung (200, 201)
zus~tzlich mit der 12    EP 0 272 821 B1 Operator-Kellerspeichervorrichtung
(1101) verbunden ist und Berechnungen unter Verwendung der in der
Operator-Kellerspeichervorrichtung (1101) gespeicherten Operatoren und der
in dem Datenkeller- 



speicher gespeicherten Daten durchtfhrt, gekennzeichnet durch eine mit der
Operator-Kellerspeichervorrichtung (1101) verbundene
Operatornachbildungsvorrichtung 5      (1103) zum Speichem einer
Nachbildung der in der Operator-Kellerspeichervorrichtung (1101) gespei-
cherten Folge von Operatoren, und eine erste
Operator-Wiederherstellungsvorrichtung, die mit der
Operatornachbildungsvorrichtung (1103) und der
Operator-Kellerspeichervorrichtung (1101) verbunden ist, um abhangig von
dem Ricknahme- Befehl den Inhalt der Operator-Kellerspeichervorrichtung
(1102) gogen den Inhalt der Operatornachbil- 10     dungsvorrichtung (1103)
auszutauschen. 3  Recheneinrichtung nach Anspruch 2, dadurch
gekennzeichnet, daB die erste Operator-Wiederherstel- lungsvorrichtung eine
zweite Operator-Wiederherstellungsvorrichtung zum Austauschen des Inhaltes
der Operatomachbildungsvorrichtung (1103) gegen den Inhalt der
Operator-Kellerspeichervorrichtung It     (1101) aufweist, und daB die
erste Daten-Wiederherstellungsvorrichtung esne zweite Daten-Wiederher-
stellungsvorrichtung zum Austauschen des Inhaltes des Datenkellerspeichers
(901, 1102) gegen den Inhalt der Datennachbildungsvorrichtung (902, 1104)
aufweist. 4. Recheneinrichtung nach Anspruch 1, mit einer
Benutzereingabevorrichtung, mit der ein Benutzer die 20
Recheneinrichtung zum DurchfUhren von Berechnungen steuern kann,
gekennzeichnet durch eine RUcknahme-Vorrichtung, die mit dem
Datenkellerspeicher (901, 1102), der Datennachbildungsvor- richtung (902,
1104) und der Benutzereingabevorrichtung verbunden ist, urn abhangig von
einer Benutzeranweisung die Wiederherstellungsvorrichtung fOr orste Daten
so anzusteuem, das sie die ersten Daten gegen die zweiten Daten austauscht.
25 5. Verfahren zum Vorsehen einer Fehlerkorrektur in einer
Recheneinrichtung, welche arithmethische Berechnungen durchfUhrt und einen
Teil eines als ein Datenkellerspeicher (901, 1102) konfigurierten Speichers
zum Speichern von Daten nutzt, welche bei arithmetischen Berechnungen
verwendet werden, und elnen Teil eines als ein Operatorkellerspeicher
(1101) konfigurierten Speichers zum 30     Speichern von Operatoren nutzt,
welche bei arithmetischen Berechnungen verwendet werden, mit den
Verfahrensschritten: Durchflhren einer arithmetischen Berechnung unter
Verwendung der Daten in dem Datenkellerspeicher (901, 1102) und der
Operatoren in dem Operatorkellerspeicher (1101), gekennzeichnet durch die
Verfahrensschritte: 35     Speichem der Daten in dem Datenkellerspeicher
(901, 1102) be! einer ersten Nachbildungsstelle (902, 1104) und Speichern
der Operatoren in dem Operatorkellerspeicher (1101) bei einer zweiten
Nachbil- dungsstelle (1103) vor dem DurchfUhren der arithmetischen
Berechnung, und nach dem DurchfUhren der arithmetischen Berechnung,
Zulassen, daB die arithmetische Berechnung abhingig von einem
RUcknahme-Befehl von einem Benutzer der Recheneinrichtung rUckgangig ge-
!40    macht wird, indem die ursprunglichen Daten in dem
Datenkellerspeicher (901, 1102) gegen die bei der ersten Nachbildungsstelle
(902, 1104) gespeicherten Daten ausgetauscht werden und die ursprUngli-
chen Operatoren in dem Operatorkellerspeicher (1101) gogen die bei der
zweiten Nachbildungsstelle (1103) gespeicherten Operatoren ausgetauscht
werden. 46 Revendicatlons 1. Dispositif de calcul comportant une pile de
donnees (901, 1102), qui contient des premieres donnees a traiter, et un
moyen pouvant effectuer une recuperation d'erreur, qui comporte un moyen de
calcul (200, 201) couple a la pile de donn6es (901, 1102) destine a
effectuer des calculs en utilisant les 50     premibres donn6es afin de
produire des secondes donn~es et de placer les secondes donn~es dans la
pile de donndes (901, 1102); caracterise par: un moyen de copie de donndes
(902, 1104) coupl6 a la pile de donn6es (901, 1102) destine a recevoir et &
stocker les premibres donnees avant que les premieres donn6es ne soient
utilisees par le S5     moyen de calcul (200, 201) pour effectuer des
calculs; et un moyen de restitution des premieres donnees coupld a la pile
de donnees (901, 1102) et au moyen de stockage de donnees (902, 1104),
destin6 a echanger en reponse a une commande d'annulation d'un utilisateur
du dispositif de calcul, les premieres donndes stockees dans ledit moyen 13



de copie de donnees (902, 1104) avec les secondes donnees placees dans
ladite pile de donnees (901, 1102). 2. Dispositif de calcul selon la
revendication 1, comportant on outre un moyen de pile d'op6rateurs 5
(1101) destine a stocker de fagon s6quentielle des op6rateurs, dans lequel
le moyen de calcul (200, 201) est en outre coupl6 au moyen de pile
d'operateurs (1101), et A effectuer des calculs en utilisant les op6rateurs
stockes dans le moyen de pile d'op6rateurs (1101) et les donnees stockees
dans la pile de donnees; caract6rise par: 10        un moyen de copie
d'operateur (1103) coupl6 au moyen de pile d'operateurs (1101), destine a
stocker une copie de la sequence des operateurs stockee dans le moyen de
pile d'operateur (1101); et un moyen de restitution du premier operateur
couple au moyen de copie d'op6rateur (1 103) et au moyen de pile
d'operateurs (1101), destine A echanger en r6ponse & ladite commande
d'annulation, le contenu du moyen de pile d'operateurs (1101) avec le
contenu du moyen de copie d'op6rateur (1103). .15 3. Dispositif de calcul
selon la revendication 2, caract&ris4 en ce que le moyen de restitution du
premier op6rateur comporte un second moyen de remplacement d'op6rateur,
destine & 6changer le contenu du moyen de copie d'operateur (1103) avec le
contenu du moyen de pile d'op6rateurs (1101), et dans lequel le moyen de
restitution des premieres donn~es comporte un moyen de restitution des
secondes 10    donn6es, destin6 a 6changer le contenu de la pile de donnees
(901, 1102) avec le contenu du moyen de copie de donn6es (902, 1104). 4.
Dispositif de calcul selon la revendication 1, comportant un mqyen d'entr6e
pour l'utilisateur destin6 a permettre & un utilisateur de commander le
dispositif de calcul pour effectuer des calculs; 25        caract6rise par:
un moyen d'annulation, coupl6 & la pile de donnees (901, 1102), au moyen do
copie de donn6es (902, 1104) et au moyen d'entree de l'utilisateur,
destin6, en reponse A une instruction de l'utilisateur, a faire echanger
par le moyen de restitution des premieres donn6es, lesdites premieres
donnees avec lesdites secondes donnees. 30 5. Procede destin4 & effectuer
une correction d'erreur dans un dispositif de calcul qui ex6cute des
calculs arithmetiques et qui utilise une partie de m~moire configuree en
une pile de donnees (901, 1102) destinee a stocker des donn6es destinees &
etre utilisees dans les calculs arithmetiques, et une partie de memoire
configuree en une pile d'operateurs (1101) destinee a stocker des
operateurs utilises dans 35     des calculs arithmetiques, le procede
comportant les etapes de ex6cution d'un calcul arithmetique en utilisant
les donn6es situ6es dans la pile de donnees (901, 1102) et les operateurs
situ6s dans la pile d'operateurs (1101); caracterise par les etapes de:
avant d'executer le calcul arithmetique, stockage des donnees dans la pile
de donnees (901, 1102) vers un premier emplacement de copie (902, 1104) et
stockage des operateurs dans la pile d'op~ra- tours (1101) vers un second
emplacement de copie (1103); apres execution du calcul arithmetique,
possibilite d'annulation du calcul arithmetique, en reponse a une commando
d'annulation d'un utilisateur du dispositif de calcul, en 6changeant les
donnees d'origine situees dans la pile de donn6es (901, 1102) avec les
donn6es stockees dans ledit emplace- 45     ment de copie (902, 1104), et
en echangeant les operateurs d'origine situes dans la pile d'operateurs
(1101) avec les op6rateurs stockes dans le second emplacement de copie
(1103). s0 55 14    


