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(7) ABSTRACT

Methods and systems are provided for improved operation
of a theorem-proving tool. Logic statements that are to be
proved are loaded and a series of interactive commands and
assumptions are interactively processed. As the series of
commands and assumptions are processed they are tracked.
Moreover, the series of commands and assumptions are
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embodiments, the commands are validated for correct syn-
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/ 200
Receive
Commands
Decompose And/Or l—
Logic to Goals Assumptions For
And Sub Goals | —————— Logic Being
Proofed
210
212
v
A
Track
[nteractively Commands
— Build Replay < And/Or
Module Assumptions 220
222
¢ Until Done
Interactively
Validate
i Command
Intcractively Operation,
Present Source Syntax, And/Or 230
244 Data Type
Resume Proof
L_—— L By Replaying
Previous
Commands And
Interactively Detcct And/Or > Assumptions
Receive Change | € Receive A And Change
Change
242 240 250
l A




Patent Application Publication Jul. 1,2004 Sheet 1 of 3 US 2004/0128649 A1

100

¥

Receive Logic Load Logic
From Operator »
L
—— 112 ¢ 1o
<
Receive Command Process Command Decompose Logic
And/Or « And/Or < > Into Goals/Sub
Assumption From Assumption Goals
Operator
— 122 — 120
yy ; ¢ 124
(fpm(;ft‘icon;r;:?s( Organize As Tree
Dperation, S
’ Ly Data Struct
Data Type Provide ata Structure
Until Done, Feedback
Failure or Change 130
Encountered l
126
Track Command,
Tree, And/Or >
Assumption For ]
Interactively Build Replay Until
> Exccution Script 140 Done
142 L Replay Operator
Provided
Make Source ] Commands,
Available to \¢————— | Receive Change »|  Assumptions, And
. Ll
Operator To Logic And/Or Change
— 140 An Assumption 150 _?—_J————— 160

FIG. 1



Patent Application Publication Jul. 1,2004 Sheet 2 of 3 US 2004/0128649 A1

/ 200
Receive
Commands
" Decompose And/Or
Logic to Goals Assumptions For
And Sub Goals « Logic Being
Proofed
210
212
v
Y
Track
[nteractively Commands
— Build Replay « And/Or
Module Assumptions 220
— 222
¢ Until Done
Interactively
Validate
Interactively Comm?nd
Present Source Operation,
Syntax, And/Or — 230
244 Data Type
Resume Proof
By Replaying
Previous
Commands And
Interactively P Detect And/Or - Assumptions
Receive Change | Receive A i And Change
Change
242 249 —— 250
A

FIG. 2



Patent Application Publication Jul. 1,2004 Sheet 3 of 3 US 2004/0128649 A1
300
Operator
310 —
301
Commands
And/Or

304 —| Assumptions
102 Theorem-Proving Logic Statements | 343

Tool

FI1G. 3



US 2004/0128649 Al

METHODS AND SYSTEMS FOR AN
INTERACTIVE THEOREM-PROVING TOOL WITH
REFLECTIVE CAPABILITIES

TECHNICAL FIELD

[0001] Embodiments of the present invention relate gen-
erally to theorem proof tools, and more particularly to
methods and systems for an interactive theorem-proving tool
having reflective capabilities.

BACKGROUND INFORMATION

[0002] Proving the correct operation of hardware, soft-
ware, or firmware in an electronic environment is a daunting
task. This is so, because any particular set of logic state-
ments can have many sub logical branches where problems
can potentially occur. With systems that are not critical,
validation typically occurs by running test data through the
systems and evaluating the results. However, this is not an
optimal solution since no matter how robust the test data is
there will be some data types/values that are not accounted
for and some of the systems’ logical statements that will not
be processed with the test data. Moreover, in many circum-
stances, systems are validated before any actual working
module has been fully developed. In these instances, pseudo
code, designs, functional specifications, or mathematical
models need to be used before proceeding to an implemen-
tation phase and test data will generally not be particularly
useful.

[0003] Accordingly, systems that are critical (e.g., micro-
processing systems, military systems, communication sys-
tems, financial systems, transportation systems, medical
systems, and others) are often validated before implemen-
tation has been completed or started. These critical systems
are often proved through the use of theorem-proving tools.
With theorem-proving tools, operators seek to mathemati-
cally validate the correct operation of logical models for
their systems.

[0004] Generally, theorem-proving tools are interactive
and permit operators to load and test critical logic with
assumptions made about the type of data passed to the logic.
For example, one assumption might be that a division
calculation must always be checked to ensure that a denomi-
nator value is non-zero before performing a division.

[0005] Yet, conventional theorem-proving tools are diffi-
cult to use by operators. This is so, because existing theo-
rem-proving tools do not have integrated reflective capa-
bilities. That is, existing theorem-proving tools rely on
separate interfaces to track a proofing process for any
needed replay. Conventional theorem-proving tools do not
have the capability to generate data that is itself executable
logic, which can be replayed within the theorem-proving
tools. Thus, conventional theorem-proving tools lack inte-
grated reflective capabilities.

[0006] Without reflective capabilities, operators are forced
to learn additional interfaces associated with conventional
theorem-proving tools in order to replay a proofing session
when a change is needed. Moreover, processing of proof
replay is inefficient and problem detection difficult, since a
third-party application is providing the replay capability,
which is not integrated with the tools.

[0007] Furthermore, existing theorem-proving tools gen-
erally lack the capability to validate syntaxes and data types
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used by the logic statements being proofed. As a result, only
the statements are proofed, yet syntax checking and data
typing remain critical aspects of a proof as well, and these
are not generally addressed with existing tools.

[0008] Therefore, there is a need for improved implemen-
tations of theorem-proving tools. These implementations
and techniques should be theorem-proving tools that have
integrated reflective capabilities, and capabilities to validate
syntaxes and data types for logic statements being proofed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1is a flow diagram of a method to prove logic
statements, in accordance with one embodiment of the
invention.

[0010] FIG. 2 is a flow diagram of another method to
prove logic statements, in accordance with one embodiment
of the invention.

[0011] FIG. 3 is a diagram of a theorem-proving system,
in accordance with one embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

[0012] Novel methods and systems for theorem-proving
tools are described. In the following detailed description of
the embodiments, reference is made to the accompanying
drawings, which form a part hereof, and in which is shown
by way of illustration, but not limitation, specific embodi-
ments of the invention that may be practiced. These embodi-
ments are described in sufficient detail to enable one of
ordinary skill in the art to understand and implement them,
and it is to be understood that other embodiments may be
utilized and that structural, logical, and electrical changes
may be made without departing from the spirit and scope of
the present disclosure. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope
of the embodiments of the inventions disclosed herein is
defined only by the appended claims.

[0013] FIG. 1 illustrates a flow diagram of one method
100 to prove logic statements, in accordance with one
embodiment of the invention. The method 100 is imple-
mented as a theorem-proving tool processing in an elec-
tronic environment. The theorem-proving tool can utilize
any logic of computable functions (LCF) architecture, or
any other logic process, which enables the tool to math-
ematically evaluate the logic statements for purposes of
proving the operational goals of the logic statements. More-
over, in some embodiments, the theorem-proving tool is goal
oriented, such that goals being achieved by the logic state-
ments can be decomposed and evaluated as a series of one
or more goals with sub goals. The goals and sub goals
represent sub processing logic included within the logic
statements being proofed.

[0014] The theorem-proving tool can operate on any
physical machine including a personal computer (PC), main-
frame, handheld device, portable computer, set-top box,
intelligent appliance, or any other computing system or
device. Furthermore, the theorem-proving tool is interactive
and capable of processing individual sub logic statements
within a block of logic statements. The theorem-proving tool
is implemented in an interpretative and typed programming
language. In this way, syntax checking and data typing is
implicitly provided with the theorem-proving tool, since this
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is the nature of the programming language used to imple-
ment the theorem-proving tool. Moreover, the theorem-
proving tool operates on logic statements embodied as
source code for a software application, or any other form of
formal logical statements that can appear in designs, func-
tions specifications, or mathematical models.

[0015] Moreover, the theorem-proving tool is designed to
accept assumptions about logic statements being proofed.
These assumptions, in some embodiments, represent certain
limitations associated with data being processed by the logic
statements and/or certain limitations with respect to results
and/or operation of sub logic within the logic statements. For
example, some sub logic may expect to receive data for
processing that falls within a certain range or is of a certain
type (e.g., values greater than 0, values representing integer
data types, and the like). The theorem-proving tool is
designed to permit assumptions to be provided before proof-
ing logic statements, which can be provided interactively
during a proofing session.

[0016] During operation of the theorem-proving tool, an
operator interacts with the tool to provide commands and
assumptions through an interface recognized by the tool.
The interface can be existing interfaces associated with LCF
theorem-proving tools or any additional custom-developed
interface designed to achieve the various embodiments of
the present invention provided herein. In one embodiment,
the interface is implemented as a command-line interface. In
other embodiments, the interface is implemented as a
Graphical User Interface (GUI), Text User Interface (TUI),
Disk Operating System (DOS) User Interface (DUI), Unix
User Interface (UUI), or the like.

[0017] At 110, logic statements to be proofed are identi-
fied. An operator, at 112, provides the identity of the logic
statements to be proofed through the theorem-proving tool
interface. Identification of the statements can be a pointer to
a location where the statements reside within an electronic
environment (e.g., file, database, and others). Moreover, in
some embodiments, the logic statements are embodied as a
source code for a software application.

[0018] In some embodiments, the operator can also select
a set of assumptions that are available as environmental
settings or libraries within the theorem-proving tool before
the statements are proofed. Thus, unlike previous theorem-
proving tools, the operator is capable of reusing and auto-
matically assembling a proofing environment for the state-
ments by selecting existing assumptions recorded within the
theorem-proving tool.

[0019] Once the statements are loaded and any desired
initial assumptions identified, the theorem-proving tool con-
figures itself for operation by beginning stepwise execution
of the statements after applying any initial assumptions
desired. Next, at 120, the theorem-proving tool is ready to
receive commands or any specific assumptions that are
associated with proofing the statements. Accordingly, at 122,
an operator uses the interface to provide commands and/or
assumptions associated with the proof.

[0020] In some embodiments, the operator can identify
specific sub logic statements and/or areas of the logic
statements that are to be proofed first. Moreover, in one
embodiment, the operator can request that the all the logic
statements be decomposed into goals and sub goals at 124.
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Goals and sub goals represent specific sub logic included
within the statements. For example, if logic statements being
proofed were for the purposes of solving a linear equation
for X, a top goal is solving the overall linear equation
provided as input to the statements, and sub goals may one
sub goal associated with sub logic within the module that
isolates X to the left side of the equation using addition and
subtraction and another sub goal associated with other logic
within the module to divide or multiply any constant asso-
ciated with X. In some embodiments, these goals and sub
goals can be organized as a tree, at 126, where the root node
is the linear equation to solve with the module being
proofed, and children nodes being the sub logic to perform
addition/subtraction and division/multiplication. Thus, in
order to prove the logic statements, the validity of the two
sub goals or children nodes are first proofed and if these sub
goals are proved it can be implied that the main goal for the
logic statements (e.g., the linear equation solving for X) is
also proved.

[0021] The above example is presented for purposes of
illustration only, it is readily apparent that any particular set
of logic statements being proofed can include a plurality of
logic (e.g., if-then-else statements and the like) that results
in more complex decomposition and tree structure having
sub logic at varying levels within the tree. Thus, the embodi-
ments of the present invention are not tied to any particular
implementation logic statements being proofed.

[0022] Again, at 122, the operator interactively provides
command instructions and/or assumptions, related to pro-
cessing, to the theorem-proving tool. At, 120, the theorem-
proving tool interactively processes any received command
and/or assumption against the appropriate sub logic associ-
ated with the logic statements being proofed. In some
embodiments, the commands include syntax and/or data
types that are required by the logic statements for proper
execution. In these embodiments, if a provided command is
in an incorrect format or provides data in an incorrect type,
then the theorem-proving tool immediately notifies the
operator of the mistake. In this way, the theorem-proving
tool validates syntax and data typing before proofing a
desired section of sub logic within the logic statements being
proofed. As one of ordinary skill in the art appreciates, logic
statements need validated not only for execution/operation
but also for syntax and data typing. An incorrect syntax can
cause a failure during operation, and an incorrect data type
can cause a failure or a more difficult problem, such as
processing normally but producing unexpected results.

[0023] Thus, at 130, each operator provided command
operation is proofed for syntax, data type, and correct
operation with feedback given to the operator when prob-
lems are detected. As assumptions are made, commands are
provided, and any tree of goals and sub goals are con-
structed, the theorem-proving tool tracks, at 140, this infor-
mation for purposes of potential replay at some later point in
time during an operator’s proofing session with the theorem-
proving tool. This permits the theorem-proving tool to be
reflective. That is, the theorem-proving tool capable is
capable of self-generating executable statements that can be
executed by the theorem-proving tool when requested or
needed.

[0024] One technique to achieve this can be to record each
and every executed statement made by the operator since the
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beginning of the theorem-proving session as an executable
script, at 142, which can be serially processed by the
theorem-proving tool when requested to do so. The script
can execute in the background and perform other operations
such as clearing the current session, initializing a new
session, and then serially executing the statements in the
script. Thus, when a replay is needed during the proof due
to a change or correction made to the logic statements, the
operator is not aware that the entire previous session is being
reconstructed by the theorem-proving tool in order to place
the operator back in a state of the proof that existed before
a change was provided by the operator.

[0025] As one of ordinary skill in the art readily appreci-
ates, a theorem-proving tool with integrated reflective capa-
bilities provides a significant improvement over conven-
tional theorem-proving tools. With conventional tools when
a change is encountered, the operator would be forced to
start and/or interface with a separate third-party application
in order to affect a replay. In some cases, a problem in the
replay operation may occur and the operator will get little
assistance with resolving the problem through his/her con-
ventional theorem-proving tool, since the replay is a sepa-
rately provided interface or tool.

[0026] The interactions with the operator and the theorem-
proving tool continue until a change is encountered where
the operator takes an action and/or makes a new assumption.
A change includes changes to the logic statements being
proofed or new assumptions being made by the operator. A
new assumption can be associated with limitations for data
provided to the module (e.g., non-zero values for division
calculations, and the like).

[0027] Accordingly, during the proofing processes a
change is detected with the statements being proofed that
require some action. Thus, at 150, the theorem-proving tool
receives a change while in a particular proofing state of the
proof. In one embodiment, this can prompt the theorem-
proving tool to provide the operator with a problem area of
the logic statements associated with the problem detected at
140. One technique to achieve this is for the operator to have
profile information that is provided to the theorem-proving
tool at startup, such that the theorem-proving tool can
display the logic statements in the operator’s preferred
editor.

[0028] Once the theorem-proving tool receives the change
from the operator, which in some cases can be a new
assumption or changed logic statements associated with the
problem, at 160, the theorem-proving tool automatically
replays for the operator entire prior recorded session along
with the change to place the operator in a state of the proof
that immediately follows the change. Of course this presup-
poses, that the change is in fact a not a problem, and if it is
a problem, then the operator is placed in a state where the
change needs modified before the proof continues. As pre-
viously discussed, in one embodiment, the replay occurs by
using an interactively built script that tracks the operators’
session and can operate in the background unbeknownst to
the operator. Thus, from the operator’s perspective he/she
interactively proofs his/her logic statements making changes
along the way until his/her logic statements are successfully
proved.

[0029] The embodiments of method 100 provide a theo-
rem-proving tool that is capable of reproducing a proofing
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state automatically. Further, the theorem-proving tool has
integrated reflective capabilities that permit the replay. The
theorem-proving tool also validates syntax and data types
associated with the logic statements, which are significant
aspects associated with the successful operation of logic
statements.

[0030] FIG. 2 illustrates a flow diagram of another
method 200 to prove logic statements, in accordance with
one embodiment of the invention. The method is an article
having a machine accessible medium with associated
instructions. The instructions when executed provide an
interactive theorem-proving tool for proving logic state-
ments. The theorem-proving tool has reflective capabilities
that permit the tool to generate data that is itself automati-
cally executable by the tool. This reflective nature of the
theorem-proving tool permits the theorem-proving tool to
reconstruct a proof from any proof state where a failure or
problem is detected during the proofing process. The theo-
rem-proving tool is written in an interpretative and typed
language such that the generated code that provides a replay
capability does not require any compiling and/or linking in
order to be executed by the tool. Moreover, since the tool is
implemented in a typed language syntax checking and type
checking for the logic statements being proofed is implicitly
provided by the tool.

[0031] The tool can be based on any LCF architecture, or
other logic architecture, for proving logic statements. More-
over, existing command line interfaces and/or GUI inter-
faces can be used to communicate with the tool. The
interface interacts with an operator that is proofing logic
statements for accuracy. The operator provides commands
associated with executing sub logic included within the logic
statements being proofed and assumptions about limitations
associated with data processed by the logic statements,
results processed by the logic statements, and the like.

[0032] The tool is particular useful in improving the
development time that it takes an operator to prove the
accuracy of logic statements for a model representing hard-
ware or software systems. Systems that would particularly
benefit from various embodiments of the theorem-proving
tool of the present invention include microprocessor sys-
tems, military systems, transportation systems, financial
systems, communication systems, medical device systems,
and the like. Of course one of ordinary skill in the art
appreciates that any hardware or software model can be used
with various embodiments of the present invention to
improve the development time associated with proving the
accuracy logic statements. Thus, the various embodiments
of the present invention are not intended to be limited to any
particular implementation of logic statements being proofed.

[0033] Initially, the theorem-proving tool can be config-
ured prior to initial execution. An operator can use the
interface to provide the locations of the desired logic state-
ments to be proofed. Moreover, in some embodiments, the
commands permit certain profile settings associated with an
operator to be communicated to the theorem-proving tool,
such as preferred editor for modifying the logic statements,
and the like. The theorem-proving tool can also permit an
operator to select and load certain available assumptions
associated with proving the logic statements, such as data
limitations, result limitations, environmental limitations,
and the like.












