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(57) ABSTRACT

A system for displaying logical structure of heterogeneous
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code and to generate parsed code. A code mapper having
access to the parsed code 1s configured to generate from that
parsed code a map representative of the logical structure of
the heterogeneous source code.
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GRAPHICAL COMPILER

FIELD OF INVENTION

This mvention relates to solftware development, and in
particular, to tools for management of a complex software
system.

BACKGROUND

In the early days of programming, a software developer
conironted with the task of writing a program to perform a
task would create a monolithic body of instructions for
performing that task. Because of the difliculties associated
with communicating with a processor using 1ts native
machine language instructions, these functions and proce-
dures were often expressed in a more human-understandable
language, often referred to as a “programming language.”
This expression of mstructions, referred to as “source code,”
was then provided to a translator, for example an interpreter,
a compiler, or an assembler, which then re-expressed 1t 1n a
form that could be understood by the machine. The source
code was typically a single, indivisible entity stored as a
single file. This resulted 1n code that was diflicult to maintain
and debug.

As programming languages evolved, 1t became possible
to use certain programming constructs, for example func-
tions and procedures, to perform certain elementary tasks.
These programming constructs could be self-contained enti-
ties that performed well-defined tasks on particular argu-
ments. Their scope could be controlled to perform those
tasks without mterfering with the operation of other func-
tions and procedures. Programming constructs that per-
formed related tasks could then be stored as separate files
and maintained separately from programming constructs
that performed different tasks. This enabled source code to
be written as independent modules by different developers.
The resulting collection of modules could then be assembled
into the desired software system. A software system built out
of self-contained modules in this way was far easier to
maintain and debug.

Because all source code 1s ultimately translated into
machine language, the particular language used to express
the source code 1s 1rrelevant to the processor. So long as the
processor receives its instructions in 1ts native machine
language, 1t will perform correctly. This fact, combined with
the 1dea of modular programming, suggests that the choice
of programming language can be varied depending on the
nature of the task to be performed. For example, a simple but
frequently executed loop can be more easily optimized for
performance when written 1n assembly language. Instruc-
tions for performing complex tasks, on the other hand, are
often more easily expressed in a higher-level language.

As a software system evolves, new modules are added,
obsolete modules are deleted, and existing programming
constructs are re-shuflled between modules. In a large soft-
ware system, these tasks are often performed by many
different programmers over an extended period. This even-
tually results in byzantine links between modules, many of
which might be obsolete or redundant. Source code that
evolves 1n such a haphazard manner 1s prone to bugginess,
difficult to maintain, and virtually impossible to optimize for
performance.

At certain times 1n the evolution of software systems,
usually after a major release, an urge to rectity the mistakes
of their predecessors arises among the developers. In most
cases, by the time this occurs, the system has become so
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difficult to maintain that 1t 1s virtually impossible to antici-
pate the full consequences of even small changes to the

source code. Because of the dangers that accompany major
re-organization ol source code, there exists an unfortunate,
but understandable, tendency for software systems to
become fossilized over time.

SUMMARY

The invention provides the developer with a graphical
compiler for efliciently 1dentifying links between entities 1n
a software system. This enables the developer to maintain
source code by showing links to and from a particular entity.
By assisting the developer 1n locating all entities that might
be aflected by a particular entity, the graphical compiler
enables developers to spend more time optimizing source
code and less time searching for opportunities to optimize
the source code.

In addition, by providing information on the manner in
which individual entities are linked, a graphical compiler in
accord with the invention facilitates the re-organization of
source code to eliminate unnecessary links between entities
and to arrange entities into logical groups, greatly simpli-
tying the maintenance of the source code.

The graphical compiler of the mnvention thus performs a
function that 1s the converse of that performed by a con-
ventional compiler. Just as a conventional compiler trans-
lates source code into machine-readable form, the graphical
compiler translates the same source code to a more
human-understandable form.

In one embodiment, a system for displaying logical struc-
ture ol heterogeneous source code includes a parser config-
ured to read the source code and to generate parsed code
from that source code. The parsed code i1s then made
available to a code mapper configured to generate from the
parsed code a map representative of the logical structure of
the source code. As used herein, heterogeneous source code
refers to source code having constituent elements expressed
in different programming languages.

The parsed code can include information other than that
available from reading the source code. For example, the
parsed code can also include management information. Such
management information can include information about the
source code that 1s not found by examining the source code.

The system can also include a user-interface 1n commu-
nication with the code mapper. This user-interface 1s con-
figured to enable a user to provide instructions to the code
mapper for controlling display of the logical structure.

Source code can be viewed as a collection of entities
linked to each other. The code mapper can thus be config-
ured to select an entity from the source code and to include
that entity in the map. Entities that might be selected include
modules, super-modules, individual files, and individual
programming constructs.

In many cases, an entity includes constituent entities,
referred to as “child entities.”In one embodiment, the system
1s configured to display one or more child entities associated
with the selected entity.

In other cases, 1t 1s useful to identily entities that are
referred to by a selected entity and entities that refer to a
selected entity. Consequently, another embodiment of the
invention provides a code tracer in communication with the
parsed code for identilying either entities that refer to a
selected entity, entities that are referred to by a selected
entity, or both.
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These and other features of the invention will be apparent
from the following detailed description and the accompa-
nying drawings, in which:

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 1s a directed graph representative of a software
system;

FIG. 2 shows a representative architecture of a graphical
compiler;

FIG. 3 1s a flowchart showing the process carried out by
the parser 1n FIG. 2;

FIG. 4 1s a representative code map;

FIG. 5 1s a representative code map obtained by expand-
ing one of the entities shown in the code map of FIG. 4;

FIG. 6 1s a representative user-interface for simulating the
alteration of the logical structure of a body of source code;

FIGS. 7 and 8 show code maps before and after a change
in the logical structure of source code; and

FIG. 9 1s a representative user-interface showing parents
and children of a selected entity.

DETAILED DESCRIPTION

At an abstract level, a software system can be viewed as
a collection of “entities” together with links between those
entities. An entity might be a programming construct such as
a function or a procedure. However, entities can also be
collections (referred to as “modules™) of functions and
procedures, groups ol such modules (*super-modules™), or
even groups of super-modules. An entity can also be a more
clementary programming construct than a function. In prin-
ciple, each statement, or each line of code, can be an enfity
within the meaming of this specification.

A software system can thus be represented as a directed
graph of nodes and links, with each node representing one
such entity and with the links showing references from one
entity to another. If the entity is selected to be a module, then
the graph shows references between modules. 11 the entity 1s
selected to be a programming construct, the graph shows
references between the individual programming constructs.

FIG. 1 shows a complex software system 10 represented
as a directed graph of entities 12 connected by links 14.
Because of the complexity of the link structure shown 1n
FIG. 1, 1t 1s difhicult to determine at a glance what entities are
connected, directly or indirectly, to what other entities. A
software system 10 represented by a directed graph of such
complexity 1s likely to be difhicult to maintain. In addition,
the compilation time of the source code corresponding to the
system 10 1s likely to be unnecessarily long.

The graph of FIG. 1 can be viewed as the soitware analog
of a hardware circuit diagram. When designing hardware, 1t
1s preferable to lay out connections between components 1n
a somewhat organized fashion. So called *“spaghetti cir-
cuits”, 1n which jumbles of wires cross over other jumbles
of wires to connect elements scattered on a circuit board, are
frowned upon for good reason. While such circuits can be
made to work, malfunctions are diflicult to trace and repair.
Furthermore, only the most daring would attempt to re-wire
the circuit.

The layout of a software system, like that of a hardware
system, can also sufler from disorganization. Like hardware
systems, poorly laid out software systems can be made to
work. However, unlike a hardware system (which 1n most
cases has to at least {it into a box), a software system’s layout
1s virtually free of physical constraints. This absence of
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physical constraints on complexity, combined with the
inability to actually see the system, makes 1t diflicult to
“re-wire” source code.

A graphical compiler according to the mnvention provides
a window 1nto the underlying logical structure of the source
code. The view through this window enables developers to
experiment interactively with alternative logical structures
without the need to actually implement them. In effect, just
as a conventional compiler translates source code into
machine-readable form, the graphical compiler described
herein translates the same source code mto a more human-
understandable form.

A first step 1n obtaining a view of the underlying logical
structure of source code 1s to analyze the source code to
identify 1ts constituent entities and the links between those
entities. In a graphical compiler 16 incorporating the prin-
ciples of the invention, shown in FIG. 2, this 1s performed
by a parser 18 that accepts heterogeneous source code 20,
management information stored in a management-informa-
tion table 22, and user-defined templates 24. The parser 18
uses these mputs to create parsed code 26. The entities that
constitute the heterogeneous source code 20 are expressed 1n
two or more programming languages*”™’. In particular, the
source code 20 can include portions expressed in assembly
language and portions expressed 1in C, or one of the many
dialects thereof.

In most cases, the process of creating parsed code 26 1s a
time-consuming process, similar in magnitude to the process
undertaken by a compiler 1n generating executable code.
Thus, the parser 18 1s only run periodically, and usually 1n
tandem with the running of a compiler on the same source
code.

Referring now to FIG. 3, the parser 18 scans all files
making up the source code 20 in search of relevant names
(step 30). These relevant names include names of functions,
variables, procedures, data structures, and macros. The
parser 18 then determines where 1n the source code 20 each
relevant name occurs (step 32) and builds a name table
having an entry for each relevant name (step 34). This entry
includes a list of all entities 1n which that relevant name
appears. The level of detail in the entry can be controlled by
a switch that 1s set as part of a command string that runs the
parser 18. For example, an entry can be sufliciently detailed
so that 1t lists the actual line 1n which a relevant name occurs
in an entity.

Each entry 1n the name table can be augmented (step 36)
by management information from the management-informa-
tion table 22 provided to the parser 18. The management-
information table 22 can include information associated with
cach entity in the source code 20. Thus, when a relevant
name 1s recognized as occurring in a particular entity, the
corresponding entry for that entity in the management-
information table 22 can be ispected. Any management
information contained 1n that entry can then be included 1n
the name table.

Examples of management information associated with an
entity include information about the author or designated
author of the enftity. Additional examples include 1informa-
tion about the person responsible for maintaining a particu-
lar entity, or statistics associated with the revision history of
that entity. The definition and selection of what management
information to collect 1s under the control of the user. In
general, management information includes information
about an enftity, as distinguished from information from
within the entity. By way of analogy, names of characters or
places would make up the “relevant names™ in a library copy
of a novel. The corresponding “management information™
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would then include information such as the call number, the
list of people who have borrowed 1t, and so on.

In some cases, a relevant name may represent a macro, the
details of which are unimportant from the point of view of
one engaged 1n re-organizing the source code. These macros
are typically built-in system utilities that actually include
several mstructions. From the user’s point of view, however,
what 1s 1important 1s that the macro has been called and the
entities that interact with the macro. To accommodate these
and other special cases, the parser 18 consults the user-
defined template 24. The user-defined template 24 lists any
special cases that are to be identified by the parser 18
together with instructions on what actions to take to accom-
modate those special cases.

Referring again to FIG. 2, a code mapper 42 1n commu-
nication with the parsed code generates an interactive code
map 44 that provides a visual overview of the source code
20. The code map 44 takes the form of a directed graph 1n
which nodes correspond to entities 1n the source code 20 and
links correspond to references from one entity to another.
Interaction between the user and the code map 44 1s made
possible by a graphical user interface 46 1n communication
with the code map 44 and the user. The graphical user
interface 46 enables conventional graphical user interface
actions such as pointing and clicking to select screen objects,
dragging, choosing menu commands, and speciiying
istructions 1n dialog boxes.

The representative code map 44 1n FI1G. 4 displays entities
from a remote mirroring system. In this case, each entity 1s
a module that contains related programming constructs, such
as Tunctions or procedures. For example, the module named
“DA” contains programming constructs that control disk
access. The module named “HA” contains programming
constructs that interact with a host terminal.

The arrows between modules show references from one
module to another. As indicated by a first arrow 48, there
exist certain functions and procedures 1 the module “DA”
that refer to other functions and procedures that are part of
the module “HA.” The absence of any arrows pointing in the
reverse direction indicates that there are no programming,
constructs in the module “HA” that refer back to program-
ming constructs 1n the module “DA.”

In one embodiment of the invention, the visual appear-
ance ol arrows connecting one entity to another can be
altered to reflect the nature and extent of references between
those entities. For example, a lightly shaded arrow 30
pointing from module “RDF_SERV” to module “DA” 1ndi-
cates that only a few of the programming constructs in
“RDF_SERV™ refer to programming constructs i “DA.” A
heavy arrow 52 pointing in the opposite direction, from
“DA”. to “RDF_SERV,” indicates that a considerable num-
ber of programming constructs 1mn “DA” refer to program-
ming constructs 1n “RDF_SERV.” Vanations in the visual
appearance ol arrows can include variations in shading,
thickness, color, and texture of the line, varniations in the
shape, size, color and texture of the arrowhead, or any
combination thereof.

In another embodiment of the invention, one or more
entities shown on a first code-map can be selected for
expansion. Expansion of an entity in a first code-map results
in the display of a second code-map. This second code-map
shows child entities that are contained within the expanded
entity (referred to as the “parent enfity”) from the first
code-map, together with links between those child entities.
The invention thus provides a hierarchical sequence of code
maps 1n which, in general, entities on any one code map can
be selected and expanded to show additional detail. This
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hierarchy of code maps permits the visualization of the
source code structure at varying levels of detail.

FIG. 5 shows a second code-map obtained by expanding
the “EA” entity in FIG. 4. The second code-map shows that
the “EA” entity has several child entitiecs (“EA_EX-
ECUTER,” “FOCIN,” “ESCON,” “EA_ETC,” “ca_lock_
dv.c” and “pprc.c”). Of these child entities, two (*ca_lock_
dv.c” and “pprc.c”) are files contaiming portions of source
code 20; the remaiming child entities are most likely collec-
tions of files. Starting with the second code-map in FIG. 5,
one could expand (by choosing “Expand” from the pop-up
menu) a child entity to generate a third code-map showing
chuld entities of that child entity. This process of expanding
entities to reveal additional underlying structure can proceed
until the most atomic entities (such as individual 1nstruc-
tions) are shown.

The graphical compiler 16 of the invention also provides
ready access to management information regarding a
selected entity. For example, 1n FIG. 5, choosing “Info” from
the pop-up menu 54 opens a dialog box containing man-
agement information from the management-information
table 22 corresponding to the selected entity.

One benellt of visualizing the source code 20 with a map
1s that 1solated bodies of source code can be readily 1dent-
fied. For example, it 1s clear from FIG. 5 that there are no
links between “pprc.c” and any other entity. This raises the
possibility that “pprc.c” may not be necessary and can be
removed from the source code 20.

The ability to visualize source code 20 also enables a user
to easily i1dentity undesired links. For example, it may be
desirable, to facilitate code maintenance, for certain entities
to only be referred to and not to refer to any other entities.
An example of such an entity 1s the “HA” entity in FIG. 4.
With a graphical display of the type provided by the code
mapper 42, 1t 1s a simple matter to identily errant references
originating from such an enfity.

The code mapper 42 also provides for simulating the
cllect of rearranging the entities within the source code 20.
To do so, the user specifies a child entity to be moved and
a proposed-parent entity to receive that child entity. Having
done so, the user instructs the code mapper 42 to re-generate
the map. The resulting map would then show what the links
between entities would be 1f the child entity were moved
from 1ts parent enftity to the proposed-parent entity.

FIG. 6 shows one user interface, 1n this case a dialog box,
for specitying a child entity and a proposed-parent entity as
described above. In the illustrated dialog box, the user has
specified that the child entity “clear_new_edac_routine,”
which 1s presently 1n the file “edac.c,” 1s to be moved to the
file “err trace.c.”

FIGS. 7 and 8 show maps of the source code before and
after the hypothetical transter proposed i FIG. 6 1s per-
formed. A comparison of these figures shows that the
hypothetical transfer has eliminated a reference from the
entity “online_testc.c” to “edac.c”.

The user mterface shown in FIG. 6 provides an interface
through which a user can simulate organizing and re-
organizing the source code at any level of the hierarchy of
entities. Using the user-interface, the user can define new
entities, move one or more child entities from parent entities
to proposed-parent entities, and destroy existing entities. For
cach configuration of entities, the code mapper 42 generates
a code map showing updated relationships between elements
in the source code 20. Since each new configuration of the
source code 20 1s only simulated, a user can easily experi-
ment with various configurations without the risk of inad-
vertently compromising the integrity of the source code 20.
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Referring again to FIG. 2, the graphical compiler 16 also
includes a code tracer 56 for displaying information indica-
tive of those entities (“referring entities”) that refer to a
selected entity and those entities (“referred entities”) that are
referred to by the selected entity. Although this information
1s discernible by examining the code map 44 provided by the
code mapper 42, 1t 1s oiten more convenient to condense this
information into a dialog box as shown 1n FIG. 9.

FIG. 9 shows a dialog box having a referring-entity list 58
that lists the various functions and procedures that refer to
the “restore_cache” procedure listed 1n a selected-entity field
60. As indicated below the selected-entity field 60, the code
for the “restore_cache” procedure 1s found 1n the file
“cache_mit.c.” The dialog box also includes a referred-
entity list 62 that lists the various functions and procedures
to which “restore cache” refers. Other entities can be
selected by, for example, selecting a name on one of the lists
and clicking the “Go’To” button 64. Management 1informa-
tion about a selected entity can be viewed by clicking the
“Info” button on the dialog box 66.

In one embodiment, the code tracer 56 1s run directly from
an editor used for editing the source code 20. In this
embodiment, a menu command on the editor’s menu bar can
be linked to the code tracer 56. The selected entity listed by
default in the selected-entity field 60 can be made to
correspond to whatever 1s 1n the editing window of the
editor.

Having described the invention, and a preferred embodi-
ment thereof, what we claim as new and secured by Letters
Patent 1s:

1. A method for displaying the logical structure of het-
erogeneous source code, said method comprising;

providing source code having a {first constituent entity
expressed 1n a first programming language and a sec-
ond constituent entity expressed 1n a second program-
ming language;

generating a table containing information indicative of a
relationship between said first constituent entity and
said second constituent entity of said source code; and

displaying said relationship between said first and second
constituent entities,
wherein displaying said relationship comprises displaying
a map of said relationship;
wherein displaying said map comprises:
displaying a {first object representative of said {irst
constituent entity;

displaying a second object representative of said sec-
ond constituent entity; and

connecting said first object to said second object by a
graphical connecting entity,

the method further comprising selecting said graphical
connecting entity on the basis of said relationship
between {first constituent entity and said second con-
stituent entity.

2. The method of claim 1, further comprising selecting
said first constituent entity to include an assembly language
module and selecting said second constituent entity to
include a higher-level language module.

3. The method of claim 1, further comprising selecting
said first constituent entity from a group consisting of a
module, a function, a procedure, an instruction, a set of
modules, a set of Tunctions, a set of procedures, and a set of
mstructions.

4. The method of claim 1, wherein generating a table
comprises mmcorporating management mformation into said
table.
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5. The method of claim 4, further comprising selecting
said management information to mclude information indica-
tive of a designated authority associated with said first
constituent entity.

6. The method of claim 1, further comprising selecting
said relationship to include existence of a shared entity
common to said first and second constituent entities.

7. The method of claim 1, further comprising selecting
said relationship to include a reference from said constituent
entity to said second constituent entity.

8. The method of claim 1, further comprising configuring
said first object to display, 1n response to a stimulus, an
additional map indicating a relationship between a first child
entity belonging to said fist constituent entity and a second
chuld entity belonging to said first constituent entity.

9. The method of claim 1, wherein displaying said rela-
tionship comprises listing said second constituent entity in
response to selection of said first constituent entity.

10. A computer-readable medium having encoded thereon
software for displaying the logical structure of heteroge-
neous source code, said software comprising instructions
for:

reading source code having a {first constituent enfity

expressed 1n a first programming language and a sec-
ond constituent entity expressed 1n a second program-
ming language;
generating a table containing information indicative of a
relationship between said first constituent entity and
said second constituent entity of said source code; and

displaying said relationship between said first and second
constituent entities;

wherein said instructions for displaying said relationship

comprise nstructions for displaying a map of said
relationship;

wherein said istructions for displaying said map com-

prise mstructions for:

displaying a first object representative of said first
constituent entity;

displaying a second objecting representative of said
second constituent entity; and

connecting said first object to said second object by a
graphical connecting entity; and
wherein said soitware further comprises instructions for
selecting said graphical connecting entity on the basis
of said relationship between {first constituent entity and
said second constituent entity.

11. The computer-readable medium of claim 10, wherein
said software further comprises instructions for selecting
said first constituent entity to include an assembly language
module and selecting said second constituent enfity to
include a higher-level language module.

12. The computer-readable medium of claim 10, wherein
said software further comprises instructions for selecting
said first constituent entity from a group consisting of a
module, a function, a procedure, an instruction, a set of

modules, a set of functions, a set of procedures, and a set of
mstructions.

13. The computer-readable medium of claim 10, wherein
said 1nstructions for generating a table comprise instructions
for incorporating management information into said table.

14. The computer-readable medium of claim 13, wherein
said software further comprises instructions for selecting
said management information to include information indica-
tive of a designated authority associated with said first
constituent entity.

15. The computer-readable medium of claim 10, wherein
said software further comprises instructions for selecting
said relationship to include existence of a shared entity
common to said first and second constituent entities.
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16. The computer-readable medium of claim 10, wherein
said soiftware further comprises instructions for selecting
said relationship to include a reference from said first
constituent entity to said second constituent entity.

17. The computer-readable medium of claim 10, wherein
said software further comprises nstructions for configuring
said first object to display, 1n response to a stimulus, an
additional map indicating a relationship between a first child
entity belonging to said first constituent entity and a second
chuld enftity belonging to said first constituent entity.

18. The computer-readable medium of claim 10, wherein
instructions for displaying said relationship comprise
instructions for listing said second constituent entity 1n
response to selection of said first constituent entity.

19. A method for displaying the logical structure of
heterogeneous source code, said method comprising:

providing source code having a {first constituent entity

expressed 1n a first programming language and a sec-
ond constituent entity expressed 1n a second program-
ming language;
generating a table containing information indicative of a
relationship between said first constituent entity and
said constituent entity of said source code; and

displaying said relationship between said first and second
constituent entities

wherein displaying said relationship comprises displaying

a map of said relationship, and

wherein displaying said map comprises:

displaying a first object representative of said first
constituent entity;

displaying a second object representative of said sec-
ond constituent entity; and

connecting said first object to said object by a graphical
connecting entity,

the method further comprising configuring said first

object to display, 1n response to a stimulus, an addi-
tional map indicating a relationship between a first
chuld entity belonging to said first constituent entity and
a second child entity belonging to said first constituent
entity.

20. The method of claim 19, further comprising selecting
said first constituent entity to include an assembly language
module and selecting said second constituent entity to
include a higher-level language module.

21. The method of claim 19, further comprising selecting
said first constituent entity from a group consisting of a
module, a function, a procedure, an instruction, a set of
modules, a set of functions, a set of procedure, and a set of
mstructions.

22. The method of claim 19, wherein generating a table
comprises mcorporating management mformation into said
table.

23. The method of claim 22, further comprising selecting
said management information to include information indica-
tive of a designated authority associated with said first
constituent entity.

24. The method of claim 19, further comprising selecting
said relationship to include existence of a shared entity
common to said first and second constituent entities.

25. The method of claim 19, further comprising selecting
said relationship to include a reference from said first
constituent entity to said second constituent entity.

26. The method of claim 19, further comprising selecting
said graphical connecting entity on the basis of said rela-
tionship between first constituent entity and said second
constituent entity.

27. The method of claim 19, wherein displaying said
relationship comprises listing said second constituent entity
in response to selection of said first constituent entity.
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28. A computer-readable medium having encoded thereon
software for displaying the logical structure of heteroge-
neous source code, said software comprising instructions
for:

reading source code having a first constituent entity
expressed 1n a first programming language and a sec-
ond constituent entity expressed 1n a second program-
ming language;

generating a table containing information indicative of a

relationship between said first constituent entity and
said second constituent entity of said source code; and

displaying said relationship between said first and second
constituent entities;

wherein said instructions for displaying said relationship
comprise 1nstructions for displaying a map of said
relationship; and

wherein said instructions for displaying said map com-
prise mstructions for:

displaying a {first object representative of said first
constituent entity;

displaying a second object representative of said sec-
ond constituent entity; and

connecting said first object to said second object by a
graphical connecting entity,

wherein said soitware further comprises instructions for
configuring said first object to display, 1n response to a
stimulus, an additional map indicating a relationship
between a first child entity belonging to said first
constituent entity and a second child entity belonging to
said first constituent entity.

29. The computer-readable medium of claim 28, wherein
said software further comprises instructions for selecting
said first constituent entity to include an assembly language
module and selecting said second constituent enfity to
include a higher-level language module.

30. The computer-readable medium of claim 28, wherein
said software further comprises instructions for selecting
said first constituent entity from a group consisting of a
module, a function, a procedure, an instruction, a set of
modules, a set of functions, a set of procedures, and a set of
instructions.

31. The computer-readable medium of claim 28, wherein
said 1nstructions for generating a table comprise instructions
for incorporating management information into said table.

32. The computer-readable medium of claim 31, wherein
said software further comprises instructions for selecting
said management information to mnclude information indica-
tive of a designated authority associated with said first
constituent entity.

33. The computer-readable medium of claim 28, wherein
said software further comprises instructions for selecting
said relationship to include existence of a shared entity
common to said first and second constituent entities.

34. The computer-readable medium of claim 28, wherein
said software further comprises instructions for selecting
said relationship to include a reference from said first
constituent entity to said second constituent entity.

35. The computer-readable medium of claim 28, wherein
said software further comprises instructions for selecting
said graphical connecting entity on the basis of said rela-
tionship between {first constituent entity and said second
constituent entity.

36. The computer-readable medium of claim 28, wherein
instructions for displaying said relationship comprise
instructions for listing said second constituent entity 1in
response to selection of said first constituent entity.
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