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DIFFERENCE ENGINE METHOD AND APPARATUS

This application claims priority to U.S. Provisional Patent Application Serial No.
60/189,192 filed March 14, 2000, entitled "Difference Engine Method And Apparatus", the

disclosure of which is incorporated herein in its entirety.

Copyright
A portion of the disclosure of this patent document contains material which is subject
to copyright protection. The copyright owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it appears in the Patent and
Trademark Office patent files or records, but otherwise reserves all copyright rights

whatsoever.

Background of the Invention
1. Field of the Invention

The present invention relates to the field of methods of manipulating data, and
specifically to computer programs useful for the manipulation and analysis of data strings
associated with one or more digital processors or peripheral devices, such as during

processor debug analysis.

2. Description of Related Technology

RISC (or reduced instruction set computer) processors are well known in the
computing arts. RISC processors generally have the fundamental characteristic of utilizing
a substantially reduced instruction set as compared to non-RISC (commonly known as
“CISC”) processors. Typically, RISC processor machine instructions are not all micro-
coded, but rather may be executed immediately without decoding, thereby affording
significant economies in terms of processing speed. This "streamlined" instruction handling
capability furthermore allows greater simplicity in the design of the processor (as compared
to non-RISC devices), thereby allowing smalier silicon and reduced cost of fabrication.

RISC processors are also typically characterized by (i) load/store memory
architecture (i.e., only the load and store instructions have access to memory; other
instructions operate via internal registers within the processor); (ii) unity of processor and

compiler; and (iii) pipelining.
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In addition to the single RISC processor core described above, such cores may be
used in conjunction with the same or other types of processor cores, whether as physically
discrete components or as functions within a single die. For example, a plurality of similar
or identical microprocessor cores may be used to form a multi-processor architecture
adapted for parallel processing of data streams. Alternatively, a microprocessor core may
be used with a digital signal processor (DSP) core on the same die, the DSP core
performing high sampling rate operations requiring its unique architecture (such as FFT
calculations or speech processing).

In such multi-core environments (and in fact in other types of configurations),
situations frequently arise wherein data may need to be converted from one format to
another, or patterns within the data recognized and analyzed to identify useful functional
relationships based thereon, or identify problems within the cores. For example, the
comparison of the respective processor core stack traces for a debugging program has
significant utility for such data manipulation and analysis. Similarly, the
designer/programmer may wish to examine state information from the various cores during
programming or design synthesis.

One example of the foregoing problem is graphically illustrated in Table 1 below:

Table 1
Input 1 Input 2 Input».? . Input4
A A A s
R C C T
B B B U
C C \Y
D D D
B B B

Given the four input strings (i.e., Inputs 1-4) of Table 1, it might be desired to have the

output formatted as follows:

[1-3] A
[1] R
23] C
[1-3] B
121 ¢



WO 01/69391 PCT/US01/08029

10

15

20

25

30

3-
[1-3] D
[1-3] B
[4] S
[4] T
[4] U
[4] v

Heretofore, algorithms adapted to format or analyze data have not been adapted and
optimized for formatting such data derived from a plurality of inputs (such as a plurality of
processor cores), and analyzing and recognizing patterns therein, especially in the context
of multiprocessor core debug. For example, prior art UNIX-based systems having routines
adapted for differencing two files (e.g., “diff”) are generally useful only for comparing two
files, and are not optimized for formatting or recognizing patterns or differences within “N”
data inputs or files.

When such formatting and analysis of the N inputs is optimized, the analysis/debug
process is made more efficient as a whole, and more useful information can be readily
extracted. Such is the case in debugging multiple parallel processor cores, such as the
aforementioned RISC processors. Consider the example of a debugger, wherein the same
program is run on two different processor cores simultaneously, and where the output of

both programs is expected to be the same:

SC>go Try
[11 queens.c!26: void Try(Integer I, Boolean *Q) {
[1] Execution stopped at breakpoint.
[2] queens.c!26: void Try(Integer I, Boolean *Q) {
[2] Execution stopped at breakpoint.
SC> source
[1]1> 26 void Try(Integer I, Boolean *Q) {
[11 27 IntegerJ=0;
[1] 28 do{
[1] 29  J++; *Q=False;
[2]> 26 void Try(Integer I, Boolean *Q) {
2] 27 IntegerJ=0;
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[2] 28 dof
2] 29  J++; *Q=False;

Note that the output of both processors (identified as “[1]” and “[2]” in the code above)
must be visually inspected by the programmer to ensure that the two programs have arrived
at the same function together.

Furthermore, in the case where such formatting or pattern recognition is required in
a repetitive or iterative fashion, inefficiencies such as the foregoing visual inspection
requirement may be multiplied many times over.

Based on the foregoing, there is a need for an improved method and apparatus for
formatting such data from a plurality of outputs from one or more threads, and analyzing
and recognizing patterns therein. Ideally, such method and apparatus would be adapted to

format/analyze a plurality (“N”) of different input sources, confirm the presence of

- similarities in the data associated with each source, and automatically identify the presence

and location of differences therein. Such improved method would also be able to be
reduced to an algorithmic or computer program representation for ready use in a variety of

different hardware environments.

Summary of the Invention
The present invention satisfies the aforementioned needs by providing an improved

method and apparatus for analyzing data strings, particularly in the multi-processor
environment.

In a first aspect of the invention, an improved method for analyzing data comprising
one or more strings or threads is disclosed. The method generally comprises initializing the
data by building a symbol array; and finding differences within the data by analyzing
various relationships within the data strings, such as the existence of unique strings.

In one exemplary embodiment, the method of initializing comprises creating an
empty symbol table; creating a symbol array with at least one element for each input string;
for each input string, determining whether the string is in the symbol table; and if the string
is in the symbol table, then obtaining the symbol number of the string from the symbol
table.

In one exemplary embodiment, the method of finding differences within the data
comprises providing a plurality of inputs; processing inputs which do not share any strings

with other inputs (i.e., “unique” inputs); evaluating the excluded set; identifying groups of
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contiguous strings which are identical in all inputs (i.e., finding “shared chunks”);
identifying groups that are in the same order in all of the inputs; identifying inputs with
strings before the first group; and finding differences among the subset of inputs
comprising such strings before the first group.

In one exemplary embodiment, the method of processing unique inputs comprises
clearing the symbol counts array; for each string in each input, incrementing the symbol
count; for each string in each input, determining the symbol count for that string; and for
each input, adding the input to the excluded set.

In one exemplary embodiment, the method of finding “shared chunks” comprises
creating a list of anchors containing strings that occur at a predetermined frequency; for
each input of each anchor, generating a new group and associating each anchor string with
that group; for each input of each anchor, associating each string which precedes the group
and which is identical in all inputs with the new group; and for each input of each anchor,
associating each string which follows the group and which is identical in all inputs with the
new group.

In a second aspect of the invention, an improved computer program useful for
analyzing and formatting data obtained from a plurality of sources and embodying the
aforementioned method(s) is disclosed. In one exemplary embodiment, the computer
program comprises an object code representation stored on the magnetic storage device of a
microcomputer, and adapted to run on the central processing unit thereof. The computer
program further comprises an interactive, menu-driven graphical user interface (GUI),
thereby facilitating ease of use.

In a third aspect of the invention, an improved apparatus for running the
aforementioned computer program used for analyzing data strings associated with the
design and/or operation of processors is disclosed. In one exemplaiy embodiment, the
system comprises a stand-alone microcomputer system having a display, central processing
unit, data storage device(s), and input device. The system is adapted to take a plurality of
data inputs from various external processor devices and format and analyze the inputs in
order to confirm similarities and identify differences therein, and display the results of such
analysis to the user (programmer).

In a fourth aspect of the invention, an improved method of designing a processing
device adapted to run at least one software process thereon is disclosed. The method
generally comprises generating a design for the processing device; running at least a

portion of the software process a first time; obtaining a first output from the running
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process; modifying the design; running the software process a second time; obtaining a
second output from the running process; and identifying differences within the first and
second outputs.

In a fifth aspect of the invention, an improved method of evaluating the operation of
a plurality of software processes running on respective ones of a plurality of digital
processors is disclosed. The method generally comprises generating a first data string using
a first of the plurality of software processes; generating a second data string using a second
of the plurality of software processes; inputting the first and second data strings into a
debug software process; analyzing the first and second data strings using the debug process;
and evaluating the operation of the processes based at least in part on the act of analyzing.
In one exemplary embodiment, the debug process is run on a microcomputer, and is
adapted to confirm matching portions of the applications running on the digital processors,

and identifying differing portions to alter the programmer to possible bugs in the design(s).

Brief Description of the Drawings
Fig. 1 is a logical flow diagram illustrating the general methodology of analyzing

data having strings or threads employed in the difference engine of the present invention.

Fig. 2 is a logical flow diagram illustrating one exemplary embodiment of the
method of initializing the difference engine of the present invention.

Figs. 3 is a logical flow diagram illustrating one exemplary embodiment of the
method of finding differences in the input data strings used in the difference engine of the
present invention.

Fig. 4 is a logical flow diagram illustrating one exemplary embodiment of the
method processing unique inputs employed in the difference engine of the present
invention.

Fig. 5 is a logical flow diagram illustrating one exemplary embodiment of the
method of non-group comparison employed in the difference engine of the present
invention.

Fig. 6 is a logical flow diagram illustrating one exemplary embodiment of the
methodology of separately printing strings according to the present invention.

Fig. 7 is a logical flow diagram illustrating one exemplary embodiment of the

methodology of printing group contents according to the present invention.
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Fig. 8 is a logical flow diagram illustrating one exemplary embodiment of the
methodology of finding shared chunks according to the present invention.

Fig. 9 is a functional block diagram of one exemplary embodiment of a computer
system useful for running a computer program embodying the method of Figs. 1-8.

Fig. 10 is a functional block diagram of the computer system of Fig. 9, including

data interfaces to a plurality of processors being debugged.

Detailed Description
Reference is now made to the drawings wherein like numerals refer to like parts

throughout.

As used herein, the term “processor” is meant to include any integrated circuit or
other electronic device capable of performing an operation on at least one instruction word
including, without limitation, reduced instruction set core (RISC) processors such as the
ARC™ yser-configurable core manufactured by the Assignee hereof, central processing
units (CPUs), and digital signal processors (DSPs). The hardware of such devices may be
integrated onto a single piece of silicon ("die"), or distributed among two or more dies.
Furthermore, various functional aspects of the processor may be implemented solely as
software or firmware associated with the processor.

As used herein the term “string” refers to the fundamental unit of input for purposes
of comparison; e.g., a sequence of ASCII characters of arbitrary or fixed length.

As used herein the term “group” refers to a contiguous sequence of strings
containing at least one anchor and for which the entire sequence has been determined to
exist in all inputs currently under consideration.

As used herein the term “chunk” refers to a contiguous sequence of strings.

Description of Method

Referring now to Fig. 1, the method of analyzing and formatting data obtained from
a plurality of data sources according to the present invention is described. While the
following discussion is cast in terms of the logical flow of a computer program adapted to
perform the method of the invention when run on a microcomputer system such as that of
Fig. 9, it will be appreciated that the methods described herein may be embodied in other
forms including, for example, hardware (e.g., logic circuits disposed within an integrated

circuit such as an FPGA or ASIC) specifically adapted to provide the desired functionality.
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As illustrated in Fig. 1, the method 100 generally comprises the steps of initializing
the data obtained from the data sources (step 102), and finding (and printing, as applicable)
the differences between the various inputs (step 104).

Figure 2 describes the initialization step 102 in greater detail. As shown in Fig. 2,
the process of initialization 102 comprises first creating an empty symbol table and setting
the symbol number to zero per step 202. As used herein, the term “symbol number” refers
to that number assigned to a corresponding distinct input. Next, in step 204, a symbol array
with one element for each input string is created for each input, and the string number is set
to zero. In step 206, the presence of the string in the symbol table is determined for each
string of each input. If a string is not in the symbol table per step 206, the symbol number
is incremented, and the string is associated with a symbol number in the symbol table per
step 208. In step 210, the symbol number associated with the string (however obtained) is
obtained from the symbol table, the line number is incremented, and the symbol array (line
number) is set to the value of that symbol number. This process is repeated iteratively for
each string in each input, using the foregoing steps, until all inputs have been analyzed, and
the method 200 returns per step 212.

Referring now to Fig 3, one embodiment of the method 300 of finding differences
according to step 104 of Fig. 1 is described. First, the inputs are provided in step 302.
Next, in step 304, inputs that do not share any strings with other inputs are processed.
These inputs are termed "unique." Fig. 4 (described below) illustrates one embodiment of
the method of processing the input data according to the invention, although other
approaches may be substituted dependent on the needs of the particular application.

In step 306, the excluded set is examined to determine if it is empty. If not empty,
the differences are identified using the "included" set as inputs per step 308. As used herein,
the term "included" and "excluded" refer to data or elements which meet a predetermined
criterion (and are hence “included” in a set of elements also meeting that criteria), or do not
meet the predetermined criteria (and are hence "excluded"). In the present example, the
criterion is whether the excluded set has any members (i.e., empty), although it will be
recognized that other criteria may be specified in place of or in addition to the
aforementioned criterion. For each element of the excluded set (step 310), the element is
printed per step 312. When this process is completed, the program returns per step 313.

If the excluded set is empty per step 306, groups of contiguous strings which are
identical in all inputs are identified per step 314. These are referred to as "shared chunks;"

shared chunks are described further with respect to Fig. 8 below. In step 316, the order of
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the groups or "shared chunks" is examined to determine if the groups are present in the
same order in all inputs. If not, the method 300 returns per step 313. If so, the method 300
continues with step 318 of Fig. 3.

In step 318, it is determined whether any groups exist. If not, a line-by-line
comparison of inputs is performed per step 320; non-group comparison is described further
with respect to Fig. 5 herein. The method 300 then returns per step 331.

If groups do exist per step 318, it is next determined if any of the inputs have strings
before the first group (step 322); if so, then the differences among that subset of the inputs
which consists of the strings which precede the first group in each input is found per step
324. For each group (step 326), the contents of the group are then printed per step 328. In
step 330, the differences among that subset of the inputs which consists of the strings
between the present group and the next group (or end of input) are determined. After these
steps 328, 330 have been performed for each group, the method 300 returns per step 331.

Referring now to Fig 4, one embodiment of the method of processing unique inputs
is described. The method 400 is entered with the aforementioned inputs in step 402. Next,
the symbol counts array is cleared in step 404. For each string (step 408) in each input
(step 406), the symbol count is incremented per step 410. When completed for all strings
of all inputs, the method 400 proceeds to step 412 of Fig. 4.

For each string (step 414) in each input (step 412), the symbol count is checked per
step 416. If the count is greater than a predetermined number (1 in the present
embodiment), the input is added to the excluded set per step 418. Each input is then added
to the included set in step 420, until all inputs are added and the method return per step 421.

Referring now to Fig. 5, one embodiment of the method 500 of comparing non-
groups according to the present invention is described. The method 500 is entered with the
given inputs per step 502. For each input (step 504), the percentage of strings in the input
that also appear in other inputs is determined in step 506. If the percentage is greater than a
predetermined tolerance (step 508), the input is added to the included set in step 510. If
not, the input is added to the excluded set per step 512. When completed, the method 500
proceeds to step 514 of Fig. 5.

As illustrated in Fig. 5, the printed set is first emptied per step 514. Next, the line is
set to null per step 516. For each included element (step 518), it is determined whether the
included element is in the printed set per step 519. If yes, the method returns to step 518. If
not, the included element is examined to determine if it contains any unprinted strings per

step 520. If not, the included element is removed from the included set per step 522. If so, it
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is next determined whether the line is null in step 524. The line is then set to the next string
from the included set in step 526. If the line is not null, it is compared with the next string
from the input per step 528. If it is equal, then the included element is added to the printed
set per step 530. If the line is greater than or less than (i.e., not equal) the next string, the
method returns to step 518 previously described. After the foregoing process is complete,
the printed set is examined to determine whether it is empty per step 532. If the answer to
the query of step 532 is "no", the printed set and line are printed per step 533, and the
process is repeated by returning to step 516. If the answer is “yes”, all included sets are
then examined in step 538 to determine whether any have more strings. If not, the method
continues to step 540 of Fig. 5, described below. If so, the method returns to step 514 for
additional processing.

Referring again to Fig. 5, each element of the exclude set (step 540) is printed in
step 542. The method 500 subsequently returns per step 544 upon completion.

Referring now to Fig. 6, one embodiment of the method 600 of separately printing
one or more parameters associated with each input string according to the present invention
is described. The method 600 is entered using the given input in step 602. It is noted that in
the illustrated embodiment, the input of step 602 is a sub-sequence of one of the original
input data streams with the identity of the original stream. For each siring in the input (step
604), the input identification (ID) and string is printed per step 606. When the parameters
for all strings in the input have been printed, the method returns per step 608.

Referring now to Fig. 7, one embodiment of the method 700 of printing the contents
of a group according to the present invention is described. The method 700 is entered using
a given group in step 702. As used herein, a group refers to a sequence of strings which
occur in all of the original input data streams. For each string in the given group (step 704),
the ID sequence for all inputs and strings is printed per step 706 (i.e., the information
identifying each of the inputs and the string currently under consideration is printed). After
completion, the method 700 returns per step 708.

Referring now to Fig. 8, one embodiment of the method 800 of finding shared
chunks according to the present invention is described. The method 800 is entered with the
given inputs in step 802. Next, a list of anchors containing strings that occur exactly once
in every input are created in step 804. As used herein, the term "anchor" refers to strings
that occur exactly once in every input. For each input (step 808) of each anchor (step 806),
anew group is created, the anchor string is marked as belonging to the new group per step

810. Next, in step 812, it is determined whether the string before the group (i.e., before the
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sequence of strings shared among all the inputs) is identical in each of the inputs. In step
816, the string is marked or otherwise identified as belonging to that group, and the string is
removed from list of anchors. When completed, the string immediately after the group is
examined to determine if it is identical in each of the inputs per step 818. The string is
marked as belonging to that group, and the string is removed from the list of anchors per
step 820.

It is noted that the use of a symbol table and sequentially allocated symbol numbers
in conjunction with the foregoing method is not required, but it does provide a significant
performance improvement during the comparison phases. Specifically, such performance
improvements may be obtained through the use of a symbol table with sequentially
allocated symbol identifiers (IDs), as well as provisions for maintaining information about
which inputs contain a given line and frequency of occurrence thereof. In one embodiment,
the method of implementing the aforementioned symbol table comprises first scanning
through each input to build the table, and then replacing each input line with its associated
symbol. The various line comparisons are therefore reduced to simple comparisons of the
symbol's ID. Other methods of producing a symbol table may also be substituted however.

Furthermore, it is noted that by counting how often each symbol occurs, and in
which inputs, the need to actually scan through the individual inputs looking for matches
may be reduced or even eliminated.

It will also be recognized that the methodology previously described herein with
respect to Figs. 1-8 is recursive in nature. Specifically, as illustrated in the following
exemplary soutce code (and Appendix I hereto), a recursive call to the iterator
“each_output” on the subset ranges is utilized to identify useful differences and similarities

among the various subsets of data:

/! Exclude some because they are totally unique. Run the

// algorithm on the subset, and at the end, print the unique ones.
// Fashion arguments that represent the subset of items.
Input_infos subset_ranges;

for (int i = 0; 1 < input_count; i++)

if (texclude_set.contains(i)) subset ranges.add(infos[i]);

if (subset_ranges.count()) each_output(yield,subset_ranges);

AAAANANAAANNN
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for (int i = 0; i < input_count; i++)
if (exclude_set.contains(i))

print_separately(yield,i,infos[i]);

Furthermore, it will be recognized that due to the recursive nature of the invention,
the terms “all inputs” and “all strings” generally refer only to those inputs or strings under
analysis or consideration during a given recursion.

Appendix I hereto provides exemplary code for the functionality illustrated in Figs.
1-8 herein, implemented in a dialect of C++ which includes iterators. As is well known,
iterators are C++ intrinsic operators implemented in many C++ compilation systems such
as the High C/C++ compilation system of the Assignee hereof. However, the foregoing
methods may be readily reduced to source code listings in any other useful higher level
programming language, and subsequently compiled, by one of ordinary skill in the

computer programming arts.

Example of Method
The following example illustrates the foregoing methodology in detail, in the

context of the four data inputs of Table 1 above.

1. First, each input is examined and any strings which occur only once in that input are

identified. These strings are designated as 'unique'.

2. Next, the unique strings in each input are compared to determine which ones are also
unique in all other inputs. If any input does not share any unique strings with any other
input, that input is set aside to be displayed separately and repeat the test with the

remaining inputs. If there are no shared unique strings, Step 7 below is next performed.

3. For the data of Table 1, Input 4 would be set aside, leaving the following:

Table 2
Input 1 Input 2 Input 3
A A A

R C C
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B B B
C C
D D D
B B B

Note that strings A and D were identified as "unique."

4. Next, the inputs are split into a series of matching and non-matching chunks; where the

matching chunks contain the shared unique strings; and the non-matching chunks

5 contain the rest of the input. In the case of the data provided in Table I:
Table 3
Input 1 Input 2 Input 3

Match A A A
R C C
Non-match B B B

C C
Match D D D
Non-match B B B

10

4. Next, the inputs are examined to ensure that the matching chunks occur in the same
order in every input. If they do not, a string-by-string comparison (discussed below) is

performed.

5. Next, the matching chunks are "grown" by absorbing surrounding strings which are

15 identical in all inputs. Such strings are also removed from the non-matching chunks.

a. Each matching chunk is grown backwards by comparing the string at the end of
the immediately preceding non-matching chunk in each input. If that string is



WO 01/69391 PCT/US01/08029
-14-

identical in all inputs, it is removed from each input's non-matching chunk and

prepended to the matching chunk. If the preceding non-matching chunk is

completely emptied (in all inputs), it is deleted, and the now adjacent preceding

matching chunk is merged into this chunk and the foregoing step repeated with the
5 new merged chunk. The process is ceased when the beginning of any input is

reached, or when the preceding string is not identical in every input.

b. Similarly each matching chunk is grown forward by comparing and appending the
first string of the immediately following non-matching chunk until the end of an
input is reached or the following string is not identical in all inputs. In the

10 preceding example of Table 1:
Table 4

Input 1 Input 2 Input 3

Match A
R C C
Non-match B B B
C C
Match D
B
15
6. Next, the chunks are stepped through in order as they appear in the inputs. If a chunk is
a matching chunk, its contents are displayed, along with an indication of which input
streams contained it. If it is a non-matching chunk, the foregoing method is applied
20 recursively from Step 1, taking the contents of each input's non-matching chunk as the

entire contents of that input.
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In the example of Table 1:

Display: [1-3] A and recur, with the new inputs being:

Table S
Input 1 Tnput 2 Input 3
R C C
B B B
C C
5
Display: [1-3] D
Display: [1-3] B
7. The inputs which were set aside in step 2 are now stepped through successively, the
10 contents of each being displayed along with an identification of which input is being
displayed. In the Table 1 example:
Display: [4] S
Display: [4] T
Display: [4] U
15 Display: [4] V

String-by-String Comparison

—

. Each input is scanned, counting the percentage of strings that also occur in at least one
other input. If that percentage exceeds a pre-set threshold, that input is set aside to be

printed separately.

20 2. The first string of the first input is compared with the first string of each of the other

inputs, separating the inputs into those for which the first string matches, and those
which don't.

3. The identities of the matching inputs, and the string, are displayed.

4. Steps 2 and 3 are next repeated for the inputs which did not match.
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5. Steps 2 through 4 are then repeated for each string until all of the inputs are exhausted.

6. Next, the inputs which were set aside in step 1 are stepped through successively. For
each input, its strings are stepped through individually and sequentially, printing the

input identification and the string.

It will be recognized that while the foregoing example and description with respect to Figs.
1-8 herein are cast in terms of a specific series of steps for accomplishing the desired result
(i.e., analysis and formatting of the input data), various permutations of this series of steps,
including substitution and/or addition of other steps, may be used consistent with the
invention disclosed herein. For example, it was previously noted that the use of a symbol
table may in certain circumstances enhance the performance of the method as a whole.
However, such symbol table is not essential to the practice of the invention.

Accordingly, the scope of the disclosed invention should be determined by the
claims appended hereto, without respect to specific embodiments or limitations presented

within the foregoing discussion.

Applications

There are many applications where it is useful or even necessary to determine the
differences among multiple output streams. Quickly locating the areas of difference and
readily identifying which streams differ and which agree at each point of difference can
greatly speed the development and debugging processes. In some cases, the goal is to
modify the process or device which generates the output being analyzed; the analysis
verifies that the output remains within the expected and desired parameters. In other cases,
the modifications are expected to change the outputs in ways that indicate some
improvement in the generating mechanism.

As an example of the foregoing, the present invention may be applied to compare
outputs of multiple design simulations having varying parameters in order to assess the
relative merits of each design.

Another application of the invention is for debugging multi-processor hardware.
Specifically, in one aspect, the same task can be executed on each processor with the
outputs compared by this method. Potential hardware and software integration problems
may be discovered and located by examining any areas of difference among the outputs.
Similarly, when debugging simulated processor functions in a multi-processor

environment, the method of the present invention may be used to compare the outputs of
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each of the simultaneous processes. Any differences readily identify which processes differ
and in what areas of the output.

When testing a processor or ASIC design and comparing outputs from multiple
simulation types (gate, switch, logic, etc.), the present invention may be used to identify
differences among the outputs that are indicative of areas of the design which may require
refinement or verification.

As yet another application, the present invention may be used to compare multiple
instances of a netlist for different optimizations of a hardware design (e.g., through a
synthesizer).

It is also noted that certain high-reliability systems (e.g., early design of the primary on-
board computer systems in the space shuitle) rely upon concurrent computation with a
comparison of the results and some sort of “voting” scheme to automatically determine
when a processor may be producing unreliable results. Such high-reliability systems were
used, for example, in the early design of the primary on-board computer systems in the
space shuttle. These systems often use different algorithms in some of the concurrent
processes so that any flaw in the basic algorithm is likely to be caught during the voting
stage. During the development and debugging of such systems, the methodology of the
present invention advantageously provides a mechanism for readily highlighting any
differences in the outputs among the various of such concurrent processes. Hence, real-time
analysis of the outputs of such systems may be accomplished.

As yet another application of the invention, divergent modifications to a single source
code base may be compared. Specifically, the methodology of the invention will facilitate
identification of the areas where each modified source differs from the original base (and
from the other modifications), as well as the areas where the modifications affected the
same portions of code. This functionality is useful for either choosing between the various
modification sets, or re-integrating them into a single merged source base.

It will also be recognized that the methodology of the present invention may be used
when migrating a given program from one processor to another. For example, a
programmer or designer desiring to “move” an application from one core to another can use
the debugger disclosed herein to debug the same program on both processors at the same
time. Furthermore, the debugger may be used to display data at different points in each
program which should be identical to that in the other program. This identical relationship
(or Jack thereof) can be automatically confirmed using the methodology of the present

invention.
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Apparatus for Implementing Methodology

Referring now to Fig. 9, one embodiment of a computing device capable of
implementing the data input analysis and formatting methods discussed previously herein
with respect to Figs. 1-9 is described. The computing device 900 comprises a motherboard
901 having a central processing unit (CPU) 902, random access memory (RAM) 904, and
memory controller 905. A storage device 906 (such as a hard disk drive or CD-ROM),
input device 907 (such as a keyboard or mouse), and display device 908 (such as a CRT,
plasma, or TFT display), as well as buses necessary to support the operation of the host and
peripheral components, are also provided. The method of Figs. 1-9 are embodied in the
form of an object code representation of a computer program and stored in the RAM 904
and/or storage device 906 for use by the CPU 902 during analysis, the latter being well
known in the computing arts. Alternatively, the computer program may reside on a
removable storage device (not shown) such as a floppy disk or magnetic data cartridge of
the type also well known in the art. The user (not shown) analyzes the data input from the
various data sources by inputting initiating operation of the computer program via the
program displays and the input device 907 during system operation. Alternatively, the
system may be configured to automatically accept (and store if desired) the various data
inputs and run the computer program when sufficient data exist, or on a periodic or ongoing
basis. Many such alternative are possible, each being well within the skill of the ordinary
practitioner. Analyses and/or formatted data generated by the program are stored in the
storage device 906 for later retrieval, displayed on the graphic display device 908 for
viewing by the user, or output to an external device such as a printer, data storage unit,
other peripheral component via a serial or parallel port 912 if desired.

Fig. 10 illustrates one embodiment of the apparatus of Fig. 9 in data communication
with two processor devices (e.g., two RISC cores, one RISC core and one DSP function,
one RISC core and one ASIC macro-function, etc.). It will be recognized that while two
processing devices 1002, 1004 are illustrated in the system 1000 of Fig. 10, the present
invention may be utilized in conjunction with any number (N) of different software
processes or data sources disposed on any number of separate devices. The system 1000
further includes two data interfaces 1010, 1012 adapted for two-way data communication
between the apparatus 900 and the respective data processors 1002, 1004,
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Computer Program

A computer program for implementing the aforementioned methods of data analysis is
now described. In one exemplary embodiment, the computer program comprises an object
("machine”) code representation of a C™" source code listing implementing the
methodology of Figs. 1-8 herein. While C™ language is selected for the present
embodiment, it will be appreciated that other programming languages may be used,
including for example VisualBasic™, Fortran, and C'. The object code representation of
the source code listing is compiled and disposed on a media storage device of the type well
known in the computer arts. Such media storage devices can include, without limitation,
optical discs, CD ROMs, magnetic floppy disks or "hard" drives, tape drives, or even
magnetic bubble memory. The computer program further comprises a graphical user
interface (GUI) of the type well known in the programming arts, which is operatively
coupled to the display and input device of the host computer or apparatus on which the
program is run (described above with respect to Fig. 9).

In a second embodiment, the computer program of the invention comprises an assembly
language/micro-coded instruction set disposed within the embedded storage device, i.e.
program memory, of a digital signal processor (DSP) or microprocessor.

While the above detailed description has shown, described, and pointed out novel
features of the invention as applied to various embodiments, it will be understood that
various omissions, substitutions, and changes in the form and details of the device or
process illustrated may be made by those skilled in the art without departing from the
invention. The foregoing description is of the best mode presently contemplated of
carrying out the invention. This description is in no way meant to be limiting, but rather
should be taken as illustrative of the general principles of the invention. The scope of the

invention should be determined with reference to the claims.
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Copyright ® 1999-2001 MetaWare Software Inc. All rights reserved.
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Copyright © 1999-2001 MetaWare Software Inc. All rights reserved.

Fohhkohhhdhdhhdhdkhdkdhhhhhhbdhdhhhkdhhhrhdhhbhhrhhhdbdhhrhkhddhrdrhdbrhhhhhrhdhrk

// This module aggregates the text lines of an arbitrary number of
// input streams, comparing each with the other for similarities
// and joining up common lines where possible.

$include "globals.h"

#include "textagg.h"

#c_include "../ui/report.h"
#include "../utility/symbols.h"
#c_include "../utility/string.h"
#c include "../utility/longvect.h"
#c_include "../utility/ptrvecto.h”
#c_include "../utility/set.h"
#c_include "../common/boolean.h"
#c_include <string.h>

/* $Log: /sol/src/dbg/sc/cll/textagg.ccv  §

Aggregator: :~Aggregator ()} { }
struct Real_aggregator : Aggregator {
Real aggregator (Symbols * sym) {
set_tolerance (20);
delete st = sym == 0;
st = sym ? sym : Symbols::make Symbols();
}
bool delete_st;
override void set tolerance(unsigned percent) {
if (percent <= 100) tolerance = percent;
}
override ~Real_aggregatbr() {
if (delete_st) delete st;
}
unsigned tolerance;
Symbols *st;
typedef const char *QOUT;
override void each output (Inputs *inputs) -> (OUT,OUT);
// private stuff:
Inputs *inputs;
typedef Uint_set Set;
#define NOINLINE virtual
NOINLINE void print_set(Set *s) {
printf("set: "):
for I <- s.each element() do printf("sd ",I);
printf("\n");
} .
// Data computed during analysis and shared among the routines.
int global input_count:
ExtendingLongVector *symindex vectors;
// We build a table 'of these that store the info for each input.
struct Input info {
int lo,hi; // We need int so we can have -1.
Input* input; // Input for this index.
// Vector that maps 0..#lines-1 to the symbol indices.
ExtendingLongVector *symindex vector;
}:
typedef Extending Vector of<Input info> Input_infos;
void each_output (Input_infos &infos) -> (OUT,OUT):
void initialize (Inputs *inputs, Input_infos &Rs);

PCT/US01/08029

*/
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int depth, global maxlc, global minlc;

void non_group comparisons(Input_infos &infos, int maxlc) ->
(ouT,ouT) ;

void print_separately(int i, Input_info &R) -> (OUT,OUT);

5 }i
Aggregator * Aggregator::make Aggregator (Symbols *syms) {
return new Real aggregator (syms);
}
10
void Real_aggregator::initialize(Inputs * inputs, Input infos &Rs) {
inputs = _inputs;
// Phase 1. Collect all the lines and assign them a unique Symbol
// number for later comparison. Along with each line record which
15 // stream it comes from.
global input _count = 0;
for I <~ inputs.each input() do global input count++;
void failed() {
0 // Perhaps set a return value? Boolean by var?
2 }
if (global_input count == 0) { failed{); return; )}
// Store the Symbol indices for each string in each input.
symindex_ vectors = new ExtendingLongVector[global_input count];
if (symindex vectors == 0) { failed() ; return; }
25 int ient = 0;
for I <~ inputs.each_input() do {
ExtendinglongVector &vec = symindex vectors[icnt];
Rs[icnt].input = I;
Rs[icnt].symindex vector = &vec;
30 int lineno = 0;
if (delete_st == FALSE)
for S <- I.each line symbol() do vec[lineno++] = §;
else for line, persistent <- I.each line() do {
Symbol LS = st.get last symbol();
35 Symbol S = st.make symbol(line);
if (5 > LS && dbg) printf("Symbol %d is %s\n",S,line);
vec[lineno++] = S;
}
lcnt++;
40 }
}
void Real aggregator::each output (Inputs *inputs) -> (OUT,OUT) ({
dbg && printf ("entering aggregator\n");
45 Input_infos Rs;
initialize (inputs, Rs);
if (global_input_count == 0) return;
global_minlc = global maxlc = 0;
50 for (int i = 0; i < global input count; i++) {
Input info &R = Rs[i];
R.lo = 0; R.hi = symindex vectors{i].count()-1;
global maxlc = _max(global maxlc,R.hi-R.lo+l);
global minlc = _min{global minlc,R.hi-R.lo+l);
55 }
depth = 0;
if (global_maxlc) {
if (global input_ count == 1)
// This will effectively just print the stuff.
60 non_group_comparisons(yield,Rs,global maxlc);

else each output(yield,Rs);
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}

delete [] symindex vectors;
dbg && printf("exiting aggregator\n");
1

void Real aggregator::each output (Input infos &infos) -> (OUT,OUT) {
depth++;
int input count = infos.count();
1f (dbg) {
printf ("[%d]Aggregate. ic %d Input_infos: ",depth,input_count) ;
for (int i = 0; i < input count; i++)
printf("\t[%d, $d]",infos[i] .lo,infos[i].hi);
printf ("\n");
}
int maxlc = 0, minlc = 99999999;
// To compute whether a line appears in all inputs, we ust
// inputs for symbol to record the last input for which it appeared.
struct Sym info {
int inputs_for symbol; // Used to figure out if all inputs
// have this line.
unsigned occurrences; // tells which lines occur singly.
unsigned line index; // Where the line occurs, for the last
input.
}i
Extending Vector_of<Sym info> sym info;
for (int i = 0; i < input _count; i++) {
Input info &R = infos[i];
LongVector &vec = *infos[i].symindex_ vector;
for (int line = R.lo; line <= R.hi; line++) {
Symbol S = vec[line];
Sym_info &si = sym infol[S];
// Need to initialize this field.
si.inputs_for symbol = -1;
si.occurrences++;
}
}

// Exclude from consideration an input stream that has no matches
with
// any other input stream. Let it be printed alone. This prevents
// a rogues input stream from killing the matching algorithms, which
are
// based on unique lines across all inputs.
Set *exclude set = Set::make Set();
for (int 1 = 0; i < input_count; i++) {
Input_info &R = infos[i];
LongVector &vec = *infos[i].symindex vector;
int dups = 0;
for (int line = R.lo; line <= R.hi; line++) {
Symbol S = vec[line];
Sym_info &si = sym info[S];
if (si.occurrences > 1) dups++;
}
1f (dups == 0) {
dbg && printf("input %d matches no one else\n",1i);
exclude_set.add_element (i);
}
}
if (exclude_ set.count elements()) {
dbg && printf("exclude set is non-empty\n");
// Exclude some because they are totally unique. Run the
// algorithm on the subset, and at the end, print the unique ones.
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// Fashion arguments that represent the subset of items.
Input infos subset ranges;
for (int i = 0; i < input_count; i++)
if (!exclude_set.contains(i)) subset_ranges.add(infos[i]);
if (subset_ranges.count()) each output(yield, subset_ranges);
for (int i = 0; i < input count; i++)
if (exclude set.contains(i))
print_separately(yield,i,infos([i]);
delete exclude set;
depth--;
return;
}
delete exclude_set;
// If we get here, each input stream has a line that exists in at
least
// one other input stream. Still, there may be no line that's
unique.
Set **absorbeds = new Set*[input_count];
Set *symbols_for this_iteration = Set::make Set();
for (int i = 0; 1 < input_count; i++) {
Input_info &R = infos[i];
LongVector &vec = *infos[i].symindex vector;
absorbeds[i] = Set::make Set();
for (int line = R.lo; line <= R.hi; line++) {
Symbol 8 = vec[line];
Sym_info &si = sym_info[S];
// Give this field a chance to advance once per iteration.
if (si.inputs_for symbol == i-1) si.inputs_for_ symbol++;
si.line index = line;
symbols for this iteration.add element (S);
}
maxlc _max(maxlc,R.hi-R.1lo+l);
minlc = min(minlc,R.hi-R.lo+1l);
}
// Next identify unique lines in all streams. These are lines that
// appear just once in all streams. So, find lines with #
occurrences
// the same as the number of streams, and which are in all the
streams.
unsigned last symbol = st.get last symbol():
bool occurs_uniquely(Symbol S) {

It

return sym_info[S].inputs_for_symbol == input_count-1 &&
sym info[S8].occurrences == input count;
}
if (dbg) {

printf("syms for this iteration; input count %d: ",input count);
for S <- symbols_for this_iteration.each_element () do
printf("sd <%d,%d> ", S,
sym_info[S].inputs for symbol,
sym_info[S].occurrences);
printf("\n");
for S <- symbols_for this iteration.each element() do {
if (occurs_uniquely(S)) {
printf ("Occurs uniquely at last %d: %s\n",
sym_info{S].line index,st.to_string(s));
}
}

}
// Now take each unique line and extend back and forth to create a
// group of matching lines surrounding the unigue line.
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unsigned find line in{unsigned input, Symbol S, unsigned hint) {
// find unique S in input near line hint.
LongVector &L = *infos[input].symindex vector;

if (hint < L.count{() && L[hint] == 8) return hint;

unsigned first nearby = hint > 5 ? hint - 5 : 0;

unsigned last nearby = min(hint+5,L.count());

for (int i = first nearby; i < last_nearby; i++) {
if (L[i] == S) return i;

}
// OK, give up on hint, try entire file. Must find it!
for (int i = 0; i < L.count(); i++)
if (L[i] == 8) return i;
printf ("INTERNAL ERROR! %s\n", function{());
}
unsigned group ix = 0;
// For linked list of groups.
struct Group ({
ExtendingLongVector start_position;
Group *next;
Group() { next = 0; size = 0; }
int size;
}:
Group *groups = 0, *last group = 0;
for S <- symbols_for this iteration.each element () do {
if (occurs_uniquely(S)) {
// printf("$d unique: %s\n",S,st.to _string(s)):
unsigned hint = sym info[S].line index;
if (absorbeds[input_count-1].contains (hint))
// This unique line has been absorbed in a previous group.
continue;
// Find the position in each input where it occurs.
// We have recorded its position in the last input.
dbg && printf ("--Focusing around unique line

%s\n",st.to_string(s)):

ExtendingLongVector start position;
// Look at the last input and back up from there, because
// the sym index was recorded for the last input stream.
start_position[input count-1] = hint;
// We hope that it occurs here or nearby in the other files.
// If not search those files.
for (int 1 = 0; i1 < input count-1; i++) {
unsigned find it = find line in(i,S,hint);
dbg && printf("unique line %s found at %d in stream %d\n",
st.to_string(S),find_it,1);
start position[i] = find it;
absorbeds[i].add_element (find it);
}
absorbeds [input count~1].add_element {hint);
Group *g = new Group{);
// Copy starting data.
g.start position = start_position;
// Now go forward from S. Mark any lines found as not unigque
// because we're absorbing them.
Symbol next = Symbols::NULL SYMBOL;
unsigned gsize = 0;
void absorb lines (ExtendingLongVector &start position) {
for (int i = 0; i < input_count; i++) {
absorbeds[i].add_element (start position[i]);
// dbg && printf("absorb stream %d line

%d\n", i, start_position[i]);

}
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}
while (1) {
for (int 1 = 0; i < input count; i++) {
LeongVector &L *infos([i].symindex_vector;
unsigned posn = ++start position(i];
if (posn > infos[i].hi) {
// If we are at EOF, stop; no one can now match.
#define STOP() do {dbg && printf("i %d reason
%d\n",i,__LINE__); goto FWD_STOP; } while(0)
STOP() ;
}
1f (1 == 0) {
next = L[posn];
dbg && printf("next is %s\n",st.to_string(next));
}
if (absorbeds(i].contains (posn)) {
dbg && printf("%d: line %d already
absorbed.\n",1,posn);
print_set (absorbeds[i]);
STOP () ;
}
else if (next == L[posn]) ;
else STOP():;
}
// We made it through all the inputs.
absorb_lines(start position);
gsizet+;
}
#undef STOP
FWD_STOP: ;
// Now back up and look at prior lines -- i.e., expand in
// the backwards direction.
start_position = g.start position;
while (1) {
for (int i = 0; i < input count; i++) {
LongVector &L = *infos[i].symindex vector;
int posn = --start position[i];
if (posn < infos[i].lo) {
// If we went below, stop; no one can now match.
#define STOP() do {dbg && printf("i %d reason
$d\n",i,_LINE ); goto BWD_STOP; } while(0)
STOP () ;
}
if (1 ==0) {
next = L[posn];
dbg && printf("next is $%$s\n",st.to_string(next));
}
if (absorbeds[i].contains(posn)) {
dbg && printf("sd: line 3%d already
absorbed.\n",i,posn);
STOP ()
}
else if (next == L[posn]) ;
else STOP();
}
// We made it through all the inputs.
absorb lines(start position);
gsize++;
g.start_position = start position;
}
fundef STOP
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BWD STOP: ;
gsize++; // Include the initial unigue line.
dbg &&printf ("Group around this line is %d long.\n",gsize):
if (last_group == 0) groups = last_group = g;
else last_group.next = g, last group = g;
last group.size = gsize;
if (dbg) {
printf ("Start positions for this group:\n");
for (int i = 0; i < input count; i++)
printf("sd ",g.start position[i]);
printf ("\n");
}
}
}
// Now ensure the groups are in the same sequence in all input
streams.
//
for (Group *g = groups; g;) f
Group *ng = g.next;
if (ng == 0) break;
// Check out the next group's starting position and compare to
// this group's.
for (int i = 0; i < input_count; i++) {
if (g.start_position[i] < ng.start position[i]) ;
else {
dbg && printf("Sorry, out of sequence groups. Can't
compare.\n");
goto BAIL;
}
}
g = ng;
}
void print groups() {
// Print out the groups.
for (Group *g = groups; g; g = g.next) {
printf ("Group length %d starts at ",g.size);
for (int 1 = 0; 1 < input_count; i++)
printf("%d ",g.start position[i]);
printf ("\n");
}
}
if (dbg) print groups():
void print group contents(Group *g) -> (OUT,0UT) {
// Get the prefix for "all".
unsigned first = 0, last = input_count-1;
void all inputs() -> (Input*) {
for (int j = first; § <= last; j++) yield(infos[j].dinput);
}
String prefix;
inputs.identifying prefix(all_inputs,prefix);
for (int 1 = 0; i < g.size; 1i++) {
// All the lines match among the various inputs,
// so choose any input to print the contents.
yield(prefix.to string(), )
st.to_string((*infos[0].symindex vector)
[g.start_position[0]+i]));
}
}
if (groups) {
// OK, we have groups.
dbg && printf("[%d]We have groups, so recursing.\n",depth);
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// First do the text up to the first group, if there is any.
Input_infos R; bool found = FALSE;
for (int i = 0; i < input count; i++) {
R[i] = infos[i]; // Copy other interesting data.
R[i].lo = infos[i].lo;
R[i].hi = groups.start position[i]-1;
found = R{i].hi >= R{i].lo;
}
if (!found) {
dbg && printf("Nothing leading up to the first group.\n");
}
else each_output(yield,R);
for (Group *g = groups; g; ) {
if (dbg) {
printf (" [%d]Group contents:\n",depth);
for A,B <- print group contents(g) do printf("\t%s
A,B);
}
print group contents(yield,g);
// Do the text between this group and the next.
Group *ng = g.next;
bool this is last = ng == 0;
Input_infos R; bool found = FALSE;
for (int i = 0; i < input_count; i++) {
R[i] = infos[i]; // Copy other stuff.
R[i].lo = g.start position[il+g.size;
R[i].hi = this_is last ? infos[i].hi : ng.start position{i]-

// printf("i %d lo %d hi %d\n",i,R[i].1lo,R[i].hi);
if (R{i].hi >= R[i].lo) found = TRUE;
}
if (found) each output(yield,R);
else dbg && printf("nothing after group of size %d\n",g.size);
g = ng;
}
}

else non group comparisons(yield,infos,maxlc);
BAIL: ;

/7

Clean up.

for (int i = 0; i < input_count; i++) delete absorbeds[i];
delete [] absorbeds;

delete symbols_for_this iteration;

void remove groups(Group *groups) {

if (groups) remove_ groups (groups.next);
delete groups;

}

remove groups (groups);
depth--;

}

void Real aggregator::non_group comparisons (

Input_infos &infos, int maxlc) -> (OUT,QUT) {

int input count = infos.count();

//
//
//
//
//
differ
//

We get here if we have no groups. This reduces to a simple
line-by-line comparison.

Now compute the aggregate output from the individual inputs.
First compute the number of differences we'll have -—- i.e., lines
that are not identical across all inputs. Count not only
ences, but

matches.

dbg && printf("max %d lines\n",maxlc);



WO 01/69391 PCT/US01/08029

10

15

20

25

30

35

40

45

50

55

60

-20-

void combine where possible(Set *exclude=0) -> (
Set *contains, const char *output) {
// Here go line by line and combine corresponding matching lines
// for the subset of streams for which they match.
// Mark any stream that differs everywhere and print him
// separately. As a degenerate case, we might print all
// streams separately.
Set *printed = Set::make Set(),
*contains = Set::make Set();
// For each line position, print it in a combined fashion.
// Find each input having a line and print that line.
// Combined output.
dbg && printf("maxlc %d\n",maxlc);
for (int line = 0; line < maxlc; line++) {
printed.make empty();
// Now find out how many inputs have this particular line.
// Some of them may be short.
// Find a line and print it.
int first = -1;
while (1) {
Symbol S = Symbols::NULL SYMBOL;
contains.make empty();
for (int i = 0; i < input_count; i++) {
if (exclude && exclude.contains(i)) continue;
dbg && printf("i %d\n",1i);
LongVector &vec = *infos[i].symindex_vector;
int this_line = line + infos[i].lo;
if {infos[i].hl >= this_line) {
Symbol candidate = vec[this line);
dbg && printf("line{%d] =

%s\n",i,st.to_string(candidate));

if (8§ == Symbols: :NULL SYMBOL &&
lprinted.contains (candidate)) {
S = candidate;
}
if (S == candidate) contains.add element (i);
}
}
if (S == Symbols::NULL SYMBOL) break; // nothing.
else { -
yield(contains,st.to_string(S));
// printf("add %d to printed\n",S):;
printed.add element (S);
}
}
}
delete printed;
delete contains;
}
// First determine who has matches and who doesn't.
ExtendinglhongVector match count; // match_count [stream] .
for contains, output <- combine where possible() do {
if (contains.count_elements() > 1)
for S <- contains.each element() do match count [S]++;
}
// Mark any stream with a low match count to be printed separately.
Set *separately = Set::make Set();
for (int 1 = 0; i < input count; i++) {
// Your matches are computed based on your lines only, so if

// another stream has substantially more lines than you, it doesn't
change
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// your computation. So, the case A; A; B C will cause A and A

// to be combined.

int nlines = infos[i].hi-infos[i].lo+1;
unsigned diff percent = nlines ? 100-100*match_count[i]/nlines

100;

if (diff percent > tolerance) separately.add element (i);

}

if (input_count - separately.count elements() > 0) {
for contains, output <- combine where possible(separately) do {
// Print the line for inputs first..i.

String prefix;

void the inputs{) -> (Input*) {
for S <- contains.each_element () do yield(infos[S].input);

}

inputs.identifying prefix(the inputs,prefix);
yield(prefix.to_string(), output);

}
}

for i <- separately.each element()

do {

// Distinct output; don't even try to combine. Too much mess.

dbg && printf ("distinct!\n");

print_separately(yield,i,infos[i]);

}
delete separately;

}

veid Real_aggregator::print_separately(int i, Input_info &R) -> (OUT,OUT)

{

for (inf line = R.1lo; line <= R.hi; line++) {

dbg && printf("rlo %d rhi &%d tl

$d\n",R.1lo,R.hi, line);

LongVector &vec = *R.symindex vector;
const char *text = st.to_string(vec[linel);

dbg && printf("line[%d] = %s\n",
String prefix;

i,text);

void the input() -> (Input*) { yield(R.input); }
inputs.identifying prefix(the input,prefix);

yield(prefix.to_string(), text);
} ‘i
}

#if TEST

// Test example.

#define CASE 2

struct { char *A[3]; } lines[] = {

$1f CASE ==
{("z=1", na=1", "z=1", 1},
{"A=1", "A=1", "A=1", 1},
{"R=2", nC=2", "Cc=2", 1},
{"B=3", va=3u, "B=3", },
{"C=4"’ "C=4", O, }’
{"B=3", "B=3", VIB=3H, }’ // Gets
{"D=5", "D=5", "D=5", },
{"E=7", "E=7", "E=7", }' // Gets
{HB=3"' "B=3"’ le=3n’ },
}:

#elif CASE ==
{nregu, "reg", "reg",
{"disasm", "disasm", "disasm",
{"instrhist", 0O, 0,
{"stack", "stack", "stack",
{"hwstack", 0, "hwstack",

absorbed with the D group.

absorbed and marked non-unique.
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{"globals", "globals", "glcbals", },
{"funcs”", "funcs", "funcs", },
{"locals", "locals", "locals", 1},
{"source"”, "source", "source", },
{"files", "files"”, "files"”, },
{ "brk", "brk", "brk", } ,
{"watch", "watch", "watch", },
{"mem" , "mem", "mem" , } ,
{"examine", "examine", T"examine", },
{ "mod" , "mod" ; "mod" , } .
}i

fendif

struct Inp: Aggregator::Input {

Inp(int which) { this.which = which; }
unsigned which;
static const int max = sizeof(lines)/sizeof(*lines);
virtual void eachmline() -> (const char*line, char = TRUE) {
for (int i = 0; i < max; i++) {
char *p = lines[i].A[which-1];
if (p) yield(p):
}
}i
i

struct Inps: Aggregator::Inputs {

Inps() : A(1),B(2),C(3) |
const int max = sizeof(lines)/sizeof(*lines);
int lent[3] = {0,0,0};
for (int i = 0; i < max; i++) {
for (int which = 1; which <= 3; which++) {
char *p = lines[i].A[which-1]:
if (p) printf("™ %d : %s",lent[which-1]++,p);
else printf(" -none-");
printf("\t");
}
printf ("\n");
}
}

Inp A, B, C;

virtual void each input() -> (Aggregator::Input*) {
yield(&A); yield(&B); yield(&C);
}

// Compute the line prefix given the set of inputs.
virtual void identifying prefix(
void each_input ()->(Aggregator::Input*)!, String &s)
int ent = 0;
for I <- each input() do cat++;

if (cnt == 0) s = ""; // Shouldn't happen.
else if (cnt == 3) s = "[alll";
else {

s ="'[";

for I <- each input() do s.aprintf(" %d", ((Inp*)I).which);

main () {

s += |]v,.
}
}
}i
Inps I;

Aggregator *A = Aggregator::make Aggregator();

PCT/US01/08029
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for P,X <- A.each_output (&I) do

printf("%s: %s\n",P,X);

}
#endif

/*

Eg.,

globals

eval X (some array, say)

PCT/US01/08029

For CL display, we can run the output for each, aggregate it,
do a differential comparator, and then produce the result.

E.g. for process 1:

(1]
[1]
[1]
Process
[2]
[2]
[2]
We should
[1,2]
[1] B
[2] B
[1,2]
Or,
[*1 A
[1] B
(2] B
[*] C

Recursive algorithm:

QwWwrEPrNpQE R

I
U W

print

[
oo

Q

O W

3
2
1

—

void diffs(void each_stream) {

enter each line of the stream in a string

each unique line a unique string index;
Identify unique lines that are present in
Go forward and backwards from each unique

regions of identical lines;
Check that these regions are in the same order for all streams.
If they are not, use the line-by-line algorithm and return.

For R <- each region

table and assign

each file;
line to broaden

yield each region as matched by all streams
recursively process the text between this region and the next

*/
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WE CLAIM:

1. A method of formatting a plurality of strings of data derived from respective
ones of a plurality of data processors, comprising:
initializing the data in each of said strings;
finding the differences between said strings; and
providing said differences in a display to a user.
2. The method of Claim 1, wherein the act of initializing comprises:
creating a symbol table having a plurality of symbol numbers associated
therewith;
creating said symbol array having at least one element for each of said
strings;
for each of said input strings, determining whether said each string is present
in said symbol table; and
if said each string is present in said symbol table, obtaining at least one
symbol number for said string from said symbol table.
3. A method of identifying differences within a plurality of data inputs
associated with at least one data processor, comprising:
providing a plurality of data inputs having at least one data string associated
therewith;
processing those inputs of said plurality that do not share any of said at least
one data strings with other of said inputs;
determining whether an excluded set of data is empty; and
if said excluded set of data is not empty, identifying said differences using
respective members of an included set as said plurality of inputs.
4, The method of Claim 3, wherein when said excluded set is empty, the
method further comprising:
identifying groups of contiguous strings of data which are identical in all of
said inputs;.
determining the order of said groups of contiguous strfngs of data; and
determining whether said groups of contignous strings are present in the
same order in all of said inputs.
5. The method of Claim 4, further comprising:
identifying those inputs having strings preceding the first of said groups; and
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identifying differences among that subset of said inputs which consists of said
strings which precede the first group in each input.

6. The method of Claim 5, further comprising determining the differences among
that subset of said inputs that consists of the strings between a first group and a second group.
7. The method of Claim 3, wherein the act of processing comprises:

clearing a symbol counts array;

for each of said strings in each of said inputs, incrementing the symbol
count;

for each of said string in each of said inputs, determining the symbol count
for that string;

and for each of said inputs, adding the input to an excluded set.

8. The method of Claim 4, wherein the act of identifying groups of contiguous
strings of data identical in all of said inputs comprises:

creating a list of anchors containing strings that occur at a predetermined
frequency;

for each input of each of said anchors, generating a new group and
associating each anchor string with said new group;

for each input of each of said anchors, associating each string which
precedes said new group and which is identical in all inputs with said new group;
and

for each input of each of said anchors, associating each string which follows
said new group and which is identical in all inputs with said new group.

0. A storage device, comprising:

a computer readable medium;

a computer program stored on said computer readable medium, said
program being adapted for analyzing a plurality of strings of data derived from at
least one data processing device according to the method comprising:

initializing said data, said act of initializing including creating a symbol
array;

analyzing said strings of data based at least in part on said symbol array; and

identifying at least one relationship between one or more of said data within
one or more of said strings.

10. A data processing device, comprising:

a processor adapted to process digital data and execute a computer program;
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a storage device in data communication with said processor, said storage
device comprising:
a computer readable medium; and
a computer program stored on said computer readable medium, said
program being adapted for analyzing a plurality of strings of data derived from at
least one data processing device according to the method comprising:
initializing said data, said act of initializing including creating a
symbol array;
analyzing said strings of data based at least in part on said symbol
array; and
identifying at least one relationship between one or more of said data
within one or more of said strings.

11.  The device of Claim 10, further comprising a plurality of data interfaces
adapted to receive said data strings from respective ones of a plurality of software processes
running on respective ones of a plurality of data processors.

12.  The device of Claim 11, further comprising said plurality of data processors.

13. A method of designing a processing device adapted to run at least one
software process thereon, comprising:

generating a design for said processing device;

running at least a portion of said at least one software process a first time;

obtaining a first output from said at least one process;

modifying said design;

running said at least portion of said at least one software process a second
time;

obtaining a second output from said at least one process; and

identifying differences within said first and second output.

14.  The method of Claim 13, further comprising comparing said differences to
at least one predetermined criterion; and

evaluating the acceptability of said modifications based at least in part on said act of
comparing.

15. A method of evaluating the operation of a plurality of software processes
running on respective ones of a plurality of digital processors, comprising:

generating a first data string using a first of said plurality of software

processes;
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generating a second data string using a second of said plurality of software
processes;

mputting said first and second data strings into a debug software process;

analyzing said first and second data strings using said debug process; and

evaluating the operation of said processes based at least in part on said act of
analyzing.
16.  The method of Claim 15, wherein the act of analyzing comprises:

(i)  identifying common patterns within at least one first portion of said

first and second data strings; and
(i)  identifying differences within at least one second portion of said first
and second data strings.

17. A multi-processor integrated circuit device, comprising:

a first processor core adapted to run a first software process, said first
software process adapted to generate a first string of data;

a second processor core adapted to run a second software process said
second software process adapted to generate a second string of data;

at least one data interface, wherein said first and second processors
respectively transfer data comprising said first and second strings to an external
debug process adapted to identify similarities and differences between the operation
of said first and second softare processes on said first and second processors, via

said at least-one interface.
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