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Research motivation and goals

= Context: HPC development is often ad hoc, not formal
= Unknown requirements at project start
= No training in (or time for) formal processes
= Developer or team may be sole customer initially
= Correctness and performance first, maintenance later
=  Whether maintenance considered or not, codes have long lifetimes

= Goal: Communicate code quality unobtrusively
= Provide on-demand feedback to dev. team
= Integrate naturally into dev. process
= Use interactive visualization when appropriate
= Incorporate team-specific coding guidelines/requirements
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ROSE-VA:
A code quality inspection tool prototype

= Reports code quality metrics
= Maintainability
= Component reusability
= Software metrics
= Visualizes judiciously
= File or module coherence as static images
= Software architecture in interactive views

Implemented using extensible tools
= ROSE: Source-to-source compiler for C, C++ (Fortran in progress)

= VizzAnalyzer / Vizz3D: Interactive software viz framework

This talk: Overview, status, and example (SMG2000)
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Architecture-level viz of call graph (SMG2k)
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Architecture-level viz of call graph (SMG2k)
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Categories of code quality information

= Simple statistics
= E.g., lines of code, global variable count, no. of security violations
= Context-insensitive, so displayed as text

= Coherence reports

= F.g., global variables and files in which they appear
= Shows simple contextual relationships
= Shown as text or 2-D static images

= Architecture-level information overviews
= F.g., module dependencies
= Visualized interactively, using physical metaphors
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Sample “application”: SMG2k

= SMG2000: A semicoarsening multigrid benchmark
= C program from ASC Purple Benchmark suite
= ~46 KLOC in 5 modules and ~70 files
= Small but interesting example of “one-shot” app
= Intended for single-use
= Contains subset of hypre library, so should be well-structured
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Simple statistics

= Global statistics
= Lines of code; abstract syntax tree (AST) statistics
= No. of files, types of files (e.g., source vs. header)
= No. and type of classes
= No. of function calls (static)

= Simple analysis summaries
= “Security” or API violations (e.g., sprintf, new-delete)
= Cyclomatic complexity per function or file
= Global variable analysis
= Cyclic dependencies
= Naming convention violations
= Degree of documentation
= Arithmetic complexity
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Simple analysis results for SMG2k

Analysis Threshold # of violations
Security / APl misuse 0 4
Cyclomatic complexity per function <20 20
Global variables 0 2

LOC per function <200 19
Cyclic file dependencies 0 1
Naming convention violations —-- 53
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Coherence reporting

= Relationships between a few pieces of information,
rendered in 2-D static images

= Example: Where are the global variables?

= And can we eliminate them?

= Relate files, global variable references, variable types (static vs. true
global)
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Example: Source and header dependencies
File-include graph
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Architecture-level information overviews

= For viewing lots of information in context of software
architecture

= Our approach: Interactive viz with “natural” metaphors
= Interactive 3-D view of graphs
= Islands (modules), cities (files), bulidings (functions)
= Example: “Where” is the code becoming complex?
= Large functions and modules?
= Cyclic module dependencies, based on call graph?
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“Classical” call graph viz (SMG2K
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Architecture-level viz of call graph (SMG2K)
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Architecture-level viz of call graph (SMG2K)
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Implementation: ROSE-VA combines
compiler & viz tools
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ROSE-VA combines Compiler & viz tools
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ROSE-VA combines compiler & viz tools
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ROSE-VA combines compiler & viz tools

= ROSE: An infrastructure for building customized source-
to-source tools
= Full open-source compiler with basic analysis
= Support for C, C++ (Fortran 90 in progress)
= Targets “non-compiler audience”

= VizzAnalyzer / Vizz3D: Graph visualization framework
= Software analysis + information visualization
= Plug-in architecture

= Babel connects ROSE (C++) and VA (Java)
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Re-engineering example: Refactoring ROSE
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Re-engineering example: Refactoring ROSE
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Summary and future work

= Prototype analysis and viz tool

Targets understanding, maintenance, and re-engineering tasks
Flexible, unobtrusive, developer-driven usage
HPC-specific metrics and analyses? Utility?

= Next steps: External evaluation + custom analyses

Applying to larger applications + specific coding guidelines
Specifying and finding patterns

Including dynamic information (HPCToolkit, Open|SpeedShop)
Mining and incorporating source-repository

Adding more metrics, e.g., productivity (size, time), defect density

ROSE-VA: Code quality inspection tool.

May 26, 2007 Panas, et al. - UCRL-PRES-231331 26



End

Demo?
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