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[571 ABSTRACT

A compiler-linker software system translates a source
code file into a machine executable code file. The com-
piler converts source code files to corresponding object
code files. The linker converts the object code files to
machine executable code files and tables required for
execution. For each procedure, the linker derives one
or more tables and one of the tables is a line number
table. The line number table identifies the offset of a
block of machine executable codes in the procedure
with their corresponding source code line number. The
construction of the line number table at link-time, not at
compile-time, enables all changes to the sequences of
machine executable codes and addresses to be accom-
modated without requiring supplemental processing of
the line number table. The line number table includes a
first entry showing the offset from the start address of
the machine executable codes to the first machine exe-
cutable code generated by the first source code line, 2
second entry showing the line number of the first source
code line, and subsequent pairs of entries. One entry of
a pair is the numeric difference between succeeding
source code line numbers. The other is the difference
between the offsets of the machine executable codes
generated by the corresponding succeeding source code
lines.

1 Claim, 5 Drawing Sheets
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SOFTWARE COMPILER AND LINKER WITH
IMPROVED LINE-NUMBER TABLE

CROSS REFERENCE TO RELATED
APPLICATION

This is a continuation of copending application Ser.
No. 07/422,125 filed on Oct. 16, 1989, now abandoned.

FIELD OF THE INVENTION

This invention relates to software compiler systems,
and more particularly to a software compiler and a
linker wherein a line-number table is produced.

BACKGROUND OF THE INVENTION

In regards to the prior art and this invention, certain
terms of art will be used and are summarized hereinaf-
ter. A file in a computer system is a logical grouping of
contiguous information identified with a name. A com-
piler is a program that translates a source code file into
an object code file that contains machine instructions
and additional symbolic information. In order to pro-
duce an executable file, the object code file output from
the compiler requires modifications. A linker (also re-
ferred to as a “link editor™) is a program that produces
executable files from one or more files of non-executa-
ble object code. The executable file can be loaded and
executed directly on the computer. The primary pur-
pose of linkers is to resolve references to data or ad-
dresses in an object code file that are not able to be
resolved by the compiler from the information con-
tained in the source code file.

A compiled procedure is a block of executable code
with a start address and is derived from a logical se-
quence of statements in a source code file. A program is
a procedure with a start address that is recognized by
the operating system. Execution of a procedure in the
executable file is initiated by changing the value of the
computer’s program counter to be equal to the start
address. At a higher level, in the source code file, this is
often accomplished by means of a procedure call. In
certain software systems, a plurality of source code
compilers are provided for translating from a variety of
source codes (e.g., BASIC, Ada, FORTRAN, C, etc.)
to a common object code file format.

Compilers convert procedures in a source code file to
an object code file representation that contains discrete
blocks of machine instructions for each procedure in the
source file as well as additional information that is sym-
bolic in nature. The symbolic information is added to
the object code file by the compiler because the com-
piler is unable to obtain all of the information required
to generate the correct object code machine instruc-
tions from the source code file. The linker uses the
symbolic information to modify machine instructions in
the object code file and thus creates an executable file.
This process is referred to as address fixup.

In many compilers, tables are constructed at compile-
time that are meant for use when an exception (error)
condition occurs. At link-time, such tables, along with
other information, are added to the executable file. The
resulting executable file is then able to be loaded and
executed. '

One such table is a line number table which is built
during compile-time and includes a pair of numeric
values for each line in the source code file. The first
numeric value is a source code line number and the
second numeric value is the offset of the first machine
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instruction in the object code file that results from the
translation of that source code line into machine instruc-
tions. Thus, a line number table for a procedure associ-
ates a range of machine instruction offsets with a corre-
sponding source code line in that source code file.

If an exception occurs during execution of an execut-
able file, the block of machine instructions in which the
exception occurred can be determined by reference to
the line number table for that block of instructions (the
compiled procedure). The information relating the ma-
chine instruction offset to the source code file line num-
ber in the line number table is used to determine the line
number in the source file that was responsible for gener-
ating the machine instruction at which the exception
occurred. Reference to that source code file line num-
ber assists the system user in troubleshooting the cause
of the exception. The information in the line number
table also permits recovery of execution at the machine
instruction that corresponds to either the same source
line as or the source line subsequent to the source line in
which the exception occurred.

Line number tables in the prior art have employed
one of two methods. The first method was to allocate a
sufficient number of bytes for each entry in the line
number table to accommodate the largest source code
line number and a sufficient number of bytes to accom-
modate the largest machine instruction offset. As a
result, line number tables using this method have here-
tofore consumed considerable space in the executable
file. The second method was to pack the table by using
a smaller number of bytes that would accommodate
most, but not all of the cases. The disadvantage of this
approach is that it adds complexity to the tables and the
traversal method, in that there has to be some special
value to indicate the special cases where the data will
not fit in the table, and the traversal method has to
handle this special case.

In the past, linkers did not change the number or
sequence of machine instructions in object code files
produced by the compilers. Thus, machine instruction
offsets calculated during compile-time were the final
machine instruction offsets in the executable file. Re-
cently, however, linkers have become more sophisti-
cated and have the ability to modify or eliminate ma-
chine instructions from the object code file that is gen-
erated by the compiler. Under such conditions, if line
number tables are generated during compile-time, they
must be updated to take into account such link-time
modifications. This requires both complex “bookkeep-
ing” of address modifications and consumes consider-
able processing time.

Accordingly, it is an object of this invention to pro-
vide a compiler and linker software system wherein line
number tables need not be modified once they are first
produced.

It is still another object of this invention to provide a
line number table which occupies less storage than here-
tofore.

It is still another object of this invention to provide a
system that determines a line in a source code file that
generates a given machine instruction in an executable
file and also identifies a file name and procedure name
within which the source code line resides.

SUMMARY OF THE INVENTION

A compiler and linker software system translates a
source code file to a machine executable file. A com-
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piler converts source code files to object code files that
contain both machine instructions and additional infor-
mation that is required to convert the object code file to
an executable file. A linker converts the object code file,

or multiple object code files, into an executable file. The .

linker executes a series of operations which includes
resolving external references, performing fix-ups on
machine instructions generated by the compiler, and
building additional tables. One of these tables, built for
each procedure, is a line number table which correlates
the offset of a machine instruction from the beginning of
a procedure’s start address with a line in a source code
file. The construction of the line number table at link-
time, rather than at compile-time enables all address
changes to be accommodated without supplemental
processing.

The line number table is produced for each procedure
through the steps of: providing a first entry indicating a
start offset from the start address of the procedure to
the first machine instruction generated by a source code
line in the source code file; providing a second entry
indicating a start source code line number which is the
line number of the first line of source code for the pro-
cedure; and providing a plurality of pairs of difference
entries for machine instructions and the corresponding
source code file line number. One difference entry of
the pair is the numeric difference between succeeding
source code lines and the other is the difference be-
tween the offsets of the first machine instruction in the
block of machine instructions generated by each of
those same two succeeding source code lines.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a functional block diagram showing the
various elements of a compiler/linker software system
which incorporates the invention.

FIG. 2 is a functional block diagram which illustrates
various tables employed with the invention.

FIG. 3 is an exemplary table containing pairs of val-
ues that comprise a source code line number and an
offset from a procedure’s start address to the first ma-
chine instruction generated by that source code line.

FIG. 4 is a block diagram which will aid in an under-
standing of the meaning of the various entries in the line
number table and is to be read in conjunction with the
example in FIG. 3.

FIGS. 5 and 6 are flow diagrams of a line number
table traversal algorithm used to obtain information
from the line number table when an address is known.

DETAILED DESCRIPTION OF THE
INVENTION"

A software system, such as will be described below,
may be run on any processor which is adapted to handle
compiler and linker functions. A preferred processor
system is one of the Hewlett Packard Precision Archi-
tecture computers. The architecture and compilers used
with the Precision Architecture computers is described
by Birnbaum, et al., in “Beyond RISC: High Precision
Architecture” HP Journal August 1985 pp. 4~10; and
by Coutant, et al., in “Compilers for the New Genera-
tion of Hewlett-Packard Computers” HP Journal Janu-
ary, 1986, pp. 4-18.

Referring now to FIG. 1, a software system block
diagram illustrates a number of different source code
files 10, 12, and 14. Each source file is provided to an
associated compiler 16, 18 and 20. Each of the source
code files 10, 12, 14 can be written in one language or in
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different languages. If all are written in the same lan-
guage then compilers 16, 18 and 20 will be the same.
Otherwise, each of compilers 16, 18, 20 is that which is
designed to compile the source contained in the corre-
sponding source code file. Each of compilers 16, 18, 20
produces an object code file that contains machine in-
structions that reflect the intent of the instructions in the
source code file. The object code to be produced by the
compiler is not executable because additional informa-
tion is required to fix up some of the machine instruc-
tions.

As shown in FIG. 1, “Source 1” compiler 16 pro-
duces an object code file for procedure A; “Source 2”
compiler 18 produces an object code file for procedure
B; and “Source 3” compiler 20 produces an object code
file for procedure C. Linker 22 then reads each object
code file for procedures A, B, and C, and determines
how the machine instructions and any additional tables
will be organized in executable file 24. When this is
done, machine instructions in each of the procedures
which require modification can be modified.

Linker 22 performs certain code optimizations result-
ing in more efficient machine instruction sequences
being added to the executable file. For each procedure,
linker 22 generates an unwind table entry in unwind
table 25, an auxiliary unwind table entry in auxiliary
unwind table 26, and a line number table 27. The format
of these tables and their entries will be described below.
All of these tables and information are added together
with the machine instructions to result in executable file
24.

In FIG. 2, the structures of the above-mentioned
tables are illustrated. For the purpose of this descrip-
tion, procedure A in executable file 24 will be denoted
by 30 and will be hereinafter considered. Procedure A’s
unwind table entry is denoted as 32 and its auxiliary
unwind table entry is denoted as 42. It is to be under-
stood that the processing of each procedure results in
the generation of a line number table and one entry in
each of the unwind and auxiliary unwind tables. The
locations of all tables and machine instructions in the
figures are a logical representation for illustration and
do not represent the physical position of the information
in the executable file.

Unwind table entry 32 includes four fields per entry
and there is one such entry per procedure, so if there are
N procedures there will be N entries of 4 fields each.
Field 34 is the start address of the first machine instruc-
tion for procedure A in the executable file. The value of
this field is the virtual address of that instruction when
the executable file is loaded for execution. Field 36 is
the address of the last machine instruction generated for
procedure A in the executable file. The value of this
field is the virtual address of that instruction in the
executable file. Fields 38 and 40 include information not
relevant to this invention.

A table parallel to the unwind table is the auxiliary
unwind table. An auxiliary unwind table entry 42 has
four fields per entry and there is one such entry per
procedure. Field 44 is the address of a string of charac-
ters stored in the executable file which has as its value,
the name of the source code file read by the compiler
when the procedure A source code was compiled. Field
46 is the address of a string of characters also stored in
the executable file which has as its value, the name of
procedure A. Field 48 contains information that is not
relevant to this invention. Field 50 is the address of the
start of line number table 52 for procedure A.

Ex.1011/ Page 8 of 13
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Line number table 52 comprises a plurality of words
W1-Wn, each of which is a plurality of bytes in width.
In this example, it is assumed that each word is 32 bits
long and comprises four bytes (a byte being 8 bits long).

The first field 54 in line number table 52 is the version
number of the table and is a full word in width. Field 56
is a full word in width, occupies the third word in table
52, and identifies a line number of a source code line in
procedure A in source code file 10. The translation of
that source code line into machine instructions gener-
ates a sequence or block of machine instructions. Field
58 occupies the second word of table 52 and identifies
the machine instruction offset from the procedure A
start address to the first machine instruction in the block
of machine instructions which is generated by the
source code line specified in field 56.

All machine instruction offsets are calculated from
the start address of the procedure. The linker can assign
the value to field 58 because the offset is known at
link-time. It should be understood, that often there are a
number of machine instructions involved in housekeep-
ing, often referred to as entry code, which precede the
first machine instruction generated by a source code
line. Therefore, the offset of the first machine instruc-
tion in the block of machine instructions generated from
the first line of source code is not always zero.

Given the start address of procedure A (obtainable
from the field 34 in unwind table 32 and the machine
instruction offset in field 58), the virtual address of the
first machine instruction in the block of machine in-
structions generated by the source code line number
specified in field 56 can be readily identified.

Following field 56, line number table 52 is provided
with an indeterminate number of additional words
W4-Wn. The total number of words is determined by
the number of source code lines in the source code file
as well as directives included in the object code file by
the compiler that transmit the source code line number
information to the linker. In each additional word, a
two byte entry is made for each source code line subse-
quent to the first in the source code file. Thus, each
additional word has two entries, each of which is two
bytes in length. Each of these bytes is a field in the
entry. The second field of each entry identifies a differ-
ence between a current source code line number and the
previous line number. The first field of each entry iden-
tifies a corresponding machine instruction offset differ-
ence between the beginning of the block of machine
instructions generated by the current source code line
and the beginning of the block of machine instructions
generated by the previous source code line. The second
two byte entry does the same except that it refers to a
subsequent line and offset. Note that, to conserve mem-
ory, only difference values are stored in each of the
fields.

For example, field 60 contains the line number differ-
ence between the first source line number in word 56
and the next source line. Field 62 is the difference be-
tween the offset of the first object code instruction
generated by the source line in field 56 and the offset of
the first instruction generated by the next source code
line. Each succeeding pair of fields comprises a machine
instruction offset difference and a source line number
difference. These values are therefore, the differences of
machine instruction offsets and line numbers between
previous and current corresponding elements. Thus,
field 64 will indicate the difference between the offset
that generated field 62 and the offset of the first machine
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instruction generated for a source line entry following
the one that generated field 60. The line difference in
field 66 will indicate the difference between the line
number that generated the value in field 60 and the line
number of the next source line.

The machine instruction offset values range from
0-255 (i.e., as limited by 8 bits). The line number differ-
ence values are signed and range from —128 to +127.
The latter convention has to do with a requirement of
the Ada language and is not to be thought of as limiting
the invention. In essence, each byte enables an offset or
line number difference of 256 to be indicated. For most
circumstances, 8 bits will be sufficient for both the offset
and line number differences between succeeding entries
in the line number table. For entries that have values
that exceed the range that can fit into a one byte field,
the table employs multiple entries and the algorithm for
examining line number table 52 takes such multiple
entries into account. This will be described in detail in
the example given in FIG. 3.

By using only difference values between succeeding
machine instruction offsets and between succeeding
source code line numbers, the space required for a line
number table can be greatly reduced, e.g., up to 75% of
what was required when full offsets and/or line num-
bers were listed. Furthermore, by creating a line num-
ber table during link time (following all modifications to
the machine instructions, sequences of machine instruc-
tions and addresses), no further processing of the table is
required after its generation.

Turning now to FIGS. 3-6, there is shown a line
number table example and an algorithm for examining
the various tables described above. In FIG. 3, an exam-
ple of corresponding source code lines and offsets of the
first machine instructions generated by those lines is
illustrated. This information is processed at link time
from information supplied by the compiler. Note that
the compiler has passed along requests for only five
entries to be added to the line number table and these
requests are for lines 1, 2, 3, 4 and 200. In the example,
it is assumed that source code lines 1, 2, 3 and 4 generate
blocks of machine instructions that begin at offsets 0, 10,
30, and 430 from the start address.

Subsequent to source code line 4, it is further assumed
that many lines of the source are taken up with com-
ments and therefore do not generate corresponding
machine instructions. The compiler provides informa-
tion which determines whether a source code line num-
ber should or should not be entered in the line number
table. The next succeeding source line which has a
corresponding machine instruction is source line 200
and the corresponding first machine instruction gener-
ated for that source code line is at offset 440 from the
procedure’s start address.

In FIG. 4, the data from the example in FIG. 3 is
indicated by entries in line number table 100. Below line
number table 100 is 2 “meaning” table which indicates
the meaning of each of the entries in the table. Entry 102
indicates that the first source line generates a block of
machine instructions in the executable file that begins
with the instruction that has an offset of zero from the
start address of procedure A. Entry 104 indicates that
the number of the source line which generates the block
of code beginning at offset 0 is source line 1.

There are two values stored in fields 105 and 106. The
value in field 106 is the difference between:
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1. the offset of the first instruction in the block of ma-
chine instructions generated by the first source line,
and

2. the offset of the first instruction in the block of
machine instructions generated by the next source line.

The value is also the length of the block of machine
instructions generated by source line 1. Adding the
value of 10, stored in field 106, to the offset for line 1
that is stored in word 102 results in the offset of the first
instruction in the block of instructions for the next
source line. The value stored in field 105 is a 1 and
represents the source line difference between the first
source line value stored in field 104 and the subsequent
source line. Thus, to determine the actual number of the
subsequent source line, the values of the first source line
number and the source line difference are added. The
sum is the number of the subsequent source line in the
source file. That value is 2. The values in fields 107 and
108 indicate that source line 3 has a difference of 1 from
the previous source line number and that the corre-
sponding difference between the first instruction in each
of the blocks of machine instructions generated by the
source lines has a difference of 20 (i.e., 30— 10=20).

The values in fields 110, 111, 112, and 113 are in-
cluded to demonstrate a case where a difference in
machine instruction offsets exceeds 256. As can be cal-
culated from the information supplied in FIG. 3, the
difference between machine instruction offset 30 and
machine instruction offset 430 is 400 (too great to be
represented in an 8 bit byte). Therefore, it is represented
by two pairs of fields. Field 110 indicates a value of 250
for succeeding machine instructions offset difference
- and field 112 indicates a machine instruction offset dif-
ference of 150. The corresponding source code line
differences in fields 111 and 113 are 0 and 1, respec-
tively. Thus, in the line number table, there are two
lines for line number 3. These correspond to entries 122
and 124 in the “meaning” table in FIG. 4. One entry
starts at machine instruction offset 30 and the other
starts at offset 280.

The algorithm which examines the entries in line
number table 100 may find the offset in either of these
two pairs. For example, if the offset being searched for
is 50, it will be found in entry 122 of the meaning table
(FIG. 4). If the offset being searched for is 330, it will be
found in entry 124 of the meaning table. In either case,
the line number produced is the correct value 3. Thus,
a line of source code whose resultant object code is too
long to be represented with one entry simply uses multi-
ple entries in the standard format, rather than employ-
ing a special purpose entry for such a case.

Since the difference between source lines 3 and 4 is 1,
a value of 1 has been entered in the source line differ-
ence field 113. The value is added to previously accu-
mulated source code line number differences to deter-
mine the line number in the source code.

Source code line number differences which have a
value greater than the range that is able to be stored in
a source line difference field are handled by multiple
entries similar to the method used for large machine
instruction offset differences. Very large source code
line number differences use a special entry, 252, from a
reserved set of values between 251 and 254, inclusive,
that specifies that the next entry is an absolute line num-
ber.

The multiple entry method for encoding large source
code line number differences is shown by the next pair
of fields in the line number table. Field 114 indicates
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that the machine instruction offset difference between
the offset of the first machine instruction generated by
the current source code line and that of the previous
one is 10. Field 115 indicates that the source line differ-
ence is at least 127, which difference is interpreted by
the algorithm as entry 126 in the “meaning” table. Field
116 has a zero (machine instruction offset difference)
and field 117 has a 69 (source code line difference).
These values result in entry 128 in the “meaning” table.
Note that because of the nature of the traversal algo-
rithm described below, entry 126 in the “meaning” table
will never be the end point in a search, so it does not
matter that it introduces a non-existent source line num-
ber, 131, during the processing of the line number table.
The last field in the line number table 100, field 118, has
the value 255 to indicate the end of the table.

The interpretation of the above fields will be de-
scribed in conjunction with the flow diagram of FIGS.
§ and 6. Those Figs. illustrate a line number identifica-
tion algorithm which is used to identify the source code
line which has generated a machine instruction at an
address in an executable file. Often this is used to iden-
tify the source line at which an exception occurs when
only the information in the executable file and a virtual
address at which the exception occurred are known.

Assuming that the execution of procedure A results
in an exception, the address at which the exception
occurs is stored (box 150). The value is the address for
which a corresponding source line number will be
searched for in the line number table. The address of the
unwind table entry and the corresponding auxiliary
unwind table entry are calculated (box 151). The algo-
rithm then uses the start address from the unwind table
to calculate the machine instruction offset from the start
address of the location being searched for within proce-
dure A (box 152). From the auxiliary unwind table the
following are determined: address of the file name (box
153), procedure name (box 154) and the line number
table (box 155).

The algorithm then obtains from fields in the line
number table both the offset of the first machine instruc-
tion generated by the first source line and the first
source line number and assigns the values to variables
that will be used as accumulators (boxes 156 and 157).

As shown in decision box 158, the algorithm then
determines whether the value of the machine instruc-
tion offset accumulator variable’s value is greater than
the machine instruction offset of the instruction being
searched for. If the value is greater than the offset being
searched for, then the location is in the entry code for
procedure A (code between start address and the first
machine instruction generated by a source code line).
The line number variable is assigned a zero (box 159) to
indicate, by convention, that the location of the offset
being searched for is prior to the machine instructions
generated for the first source code line in the source
code file. The algorithm ends with the line number
variable assigned the correct value (box 168) to return
to the caller.

Otherwise, following decision box 158, a pointer is
assigned (box 160) that will point to the first pair of
difference fields in the line number table. The value of
the machine instruction offset difference field is as-
signed to a local variable in box 161. The value of this
machine instruction offset difference variable must be
tested to ensure that the value is within the range of the
machine instruction offsets (box 162) that are not spe-
cially handled. In this example, values greater than 250
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are reserved for special cases and an end of table indica-
tor. If the value of the machine instruction offset differ-
ence is greater than the maximum value, then the ma-
chine instruction offset difference is tested in decision
box 169 to determine if it is an end of table indicator. If
50, then the line number is the value in the source line
number accumulator variable and that value is assigned
to the line number variable (box 170). The algorithm
ends with the line number variable assigned the correct
value (box 168) to return to the caller. This processing
would occur in the example in FIG. 4 if the offset of the
exception was greater than 440. Fields 116, 117 would
have been processed and the variables accumulating the
differences would have the values specified by entry
128 in the “meaning” table. Thus, the value 200 for the
line number of the last line would be correctly assigned
in box 170.

If, at decision box 162, the machine instruction offset
difference is within the range of values that are to be
interpreted as a machine instruction offset difference
then the line number variable is assigned the value in the
source line number accumulator variable (box 163). The
assignment indicates that the offset being searched for
did not occur in the previous line. The values of the
current difference pairs are added to the machine in-
struction offset accumulator variable and source line
number accumulator variable in boxes 164 and 165,
respectively.

The value of the machine instruction offset accumula-
tor variable is compared with the offset being searched
for in decision box 166. If the algorithm has processed
the next entry and exceeded the value of the offset being

-searched for, then the decision box 166 test will suc-
ceed. If the line number value stored at box 163 is not
the same as the value in the source line number accumu-
lator variable for the test at decision box 167, then the
algorithm can exit with the correct value assigned to the
line number variable when the value is returned at box
168. '

The decision box 167 is present for the case where
there are multiple byte pair entries required for a source
line because the machine instruction offset difference
exceeds the largest value that can be stored in that field
of the line number table. Continued processing by the
algorithm occurs if the line number difference value is
zero. This is a result of the unchanged value of the
source line number accumulator variable when the new
line number difference is added in box 165. The contin-
ued processing by the algorithm insures that the ma-
chine instruction offset accumulator is incremented to
the first instruction of the next line, should the return of
that value be required. If this value is not important,
then this test can be eliminated.

As an example, consider the processing that would
occur for the example presented in FIG. 4 if the offset
being searched for was 15 and pair 105, 106 had just
been processed. Pair 107, 108 is currently being pro-
cessed after execution of box 172. The assignment at
box 163 would assign 2 to the line number variable. The
new machine instruction offset accumulator value as-
signed in box 164 is 30. The new source line number
accumulator variable value assigned in box 165 is 3. In
comparing the machine instruction offset accumulator
with the offset being searched for in box 166, the ma-
chine instruction offset accumulator, 30, is found
greater than 15. Therefore, the next step is to compare
the value of the line number variable, 2, with the value
in the source line number accumulator variable, 3, in
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10 .
box 167. The two values are not equal, so the algorithm
ends (box 168) returning the current value of the line
number variable which is the correct value, 2.

If, in the example, the value of the machine instruc-
tion offset accumuiator variable is less than or equal to
the offset being searched for in box 166 or the value of
the line number variable is equal to the value of the
source line number accumulator variable in box 167 (or
following special case handling in box 171) then the
address of the next byte pair in the line number table is
assigned to the pair pointer variable (box 172). Execu-
tion of the algorithm resumes at box 161.

Consider the following sequence of steps that would
occur during the processing of the example in FIG. 4 if
the offset being searched for was greater than 440.

Machine
LINE Instruction Source Machine
NUM- Offset Line Instruction
FIG. BER PAIR Accumu- Number Offset
5/6 VARI- pointer lator Accumulator  Difference
box ABLE FIG. 4 variable variable varjable
156 _ - 0 _ —
157 _ - 0 1 —_
158 —_ - 0 1 —
160 — 105, 106 0 1 —
161 — 105, 106 0 1 10
163 — 105, 106 0 1 10
164 1 105, 106 10 1 10
165 1 105, 106 10 2 10
172 1 107, 108 10 2 10
161 1 107, 108 10 2 20
163 2 107, 108 10 2 20
164 2 107, 108 30 2 20
165 2 107, 108 30 3 20
172 2 110, 111 30 3 20
161 2 110, 111 30 3 250
163 3 110, 111 30 3 250
164 3 110, 111 280 3 250
165 3 110, 111 280 3 250
172 . 3 112, 113 280 3 250
161 3 112, 113 280 3 150
163 3 112, 113 280 3 150
164 3 112, 113 430 3 150
165 3 112, 113 430 4 150
172 3 114, 115 430 4 150
161 3 114, 115 430 4 10
163 4 114, 116 430 4 10
164 4 114, 116 440 4 10
165 4 114, 116 440 131 10
172 4 116, 117 440 131 10
161 4 116, 117 440 131 0
163 131 116, 117 440 131 0
164 131 116, 117 440 131 0
165 131 116, 117 440 200 0
172 131 118 440 200 0
161 131 118 440 200 255
162 131 118 440 200 255
169 131 118 440 200 255
170 200 118 440 200 255

It should be understood that the foregoing descrip-
tion is only illustrative of the invention. Various alterna-
tives and modifications can be devised by those skilled
in the art without parting from the invention. Accord-
ingly, the present invention is intended to embrace all
such alternatives, modifications, and variances which
fall within the scope of the intended claims.

We claim:

1. In a method of translating the contents of source
code files into a machine executable code file using a
computer system with one or more compilers and a
linker, each source code file having procedures, the line
number of each line of source code in each source code
file being determined by a compiler and read by the
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linker, the method of translating a procedure in a source
code file into the machine executable code file compris-
ing the steps of:

a. generating, by a compiler, an object code file for
the procedure;

b. reading, by the linker, the object code file;

c. determining, by the linker, how the object code file
will be organized in the machine executable code
file;

d. translating, by the linker, the object code file into
machine executable codes having one or more lines
and each line having a line number;

el. generating, by the linker, an unwind table for the
procedure, the unwind table comprising a first
entry, which is the address of the first machine
executable code of the machine executable code
file of the procedure; and

fl. generating, by the linker, a line number table to
track the contents of the source code file to the
contents of the machine executable code, the line
number table having
a first entry indicating an offset from two ad-

dresses, the first address being the address of a

10

20

first machine executable code in the block of 25

machine executable codes generated by the pro-

cedure, the second address being the address of 2

first machine executable code in a block of ma-

chine executable codes generated by a first

source code line in said procedure,

a second entry indicating the line number of the
first source code line, and
a plurality of pairs of difference entries, for each

pair of difference entries,

one entry being a difference between the line
number of a current source code line and a
previous source code line immediately before
the current source code line, and

the second entry being a difference between the
addresses of two machine executable codes,
one being the first machine executable code
from the block of machine executable code
generated by the current source code line, and
the other being the first machine executable
code from the block of machine executable
code generated by the previous source code
line;
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such that when an exception occurs at one of the
machine executable codes at run-time, the line
number table and the unwind table of the proce-
dure corresponding to the machine executable
code are used to locate the particular source code
line which corresponds to the machine executable
code having the exception, and the method, as
performed by the software system, comprises the
steps of:

g. adding the first entry of the unwind table for the
procedure to the first entry of the line number table
to generate the value for the machine instruction
offset accumulator variable;

h. retrieving the second entry from the line number
table to generate the value for the source line num-
ber accumulator variable;

i. comparing the value of the machine instruction
offset accumulator variable to the address of the
machine executable code having the exception;

j- returning zero to the address of the particular

source code line and stopping the method if the
address of the machine executable code having an
exception being less than the value of the machine
instruction offset accumulator variable;

k. checking the next entry in the line number table;

1. returning the value of the source line number accu-
mulator variable to be the address of the particular
source code line and stopping the method if the
next entry being the final code indicator;

m. adding the first entry in the next pair of difference
entries into the value in the source line accamulator
variable and adding the second entry in that pair of
difference entries from the line number table to the
machine instruction offset accumulator variable;

n. comparing the value in the machine instruction
offset accumulator variable to the address of the
machine executable code having the exception;

o. subtracting from the value in the source line accu-
mulator variable the first entry in the pair of differ-
ence entries in the line number table and returning
the value in the source line number accumulator
variable to be the address of the particular source
code line and stopping the method if the address of
the machine executable code having the exception
being less than the value in the machine instruction
offset accumulator variable address; and

p. repeating steps k to o until the method is stopped.
* ¥ % * *
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