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Executive Summary 

Organizations in every industry rely on powerful, high-performing applications in order to 
maintain a competitive stance and achieve corporate objectives. To derive the greatest value 
from these vital applications requires a platform that is designed for all of the pieces to run 
together optimally. Oracle is the only company to deliver an integrated technology stack—from 
applications to operating environments, virtualization and management tools, and storage and 
networking components—that is optimized for maximum performance. Now Oracle Solaris 
Studio gives developers all the tools necessary to create applications that take advantage of 
this integrated platform. 

Introduction 

Developers face many challenges in creating mission-critical applications for the enterprise. 
Among these are the needs to obtain optimal application performance, to be able to develop 
and run applications efficiently and reliably across platforms, and to generate scalable and 
secure applications rapidly. Many of the tools available are single-purpose solutions, and some 
organizations save on the bottom line by utilizing open-source development tools, with the 
result being a mixed environment with less efficiency and reduced productivity for developers.  

In addition, the systems and processors available today provide myriad features and 
functionality that can dramatically accelerate application performance, but cannot be leveraged 
unless developers create code that can fully utilize those capabilities. With major chip vendors 
now producing multicore CPUs—including Intel Xeon, AMD Opteron, and SPARC 
processors—developers require tools to more easily create parallel and concurrent software 
applications for the platforms of today and tomorrow.  
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Oracle Solaris Studio is an industry-leading development environment for the premier 
enterprise operating system, Oracle Solaris. With a rich, fully integrated development platform, 
Oracle Solaris Studio includes all the tools developers need to generate scalable, secure, and 
reliable enterprise applications in less time and with less risk. With C, C++, and Fortran 
compilers and advanced tools, Oracle Solaris Studio software helps to significantly reduce 
development timelines.  

For example, the new DLight visual profiling tool based on Oracle Solaris Dynamic Tracing 
(DTrace) technology and the powerful standalone dbxtool GUI debugger help to visualize 

code errors and facilitate debugging multithreaded code. Advanced tools, such as the 
Performance Library, Performance Analyzer, Thread Analyzer, Memory Error Discovery Tool, 
Code Coverage Tool, Code Analyzer, and Integrated Development Environment, work in 
concert with the compilers and debugger to provide an optimized development platform for the 
end-to-end process of building, debugging, analyzing, and tuning multithreaded 
high-performance applications. The unique features of this integrated environment help 
developers to effectively exploit platform functionality and performance while accelerating and 
simplifying the process of application development.
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Introducing Oracle Solaris Studio  

Oracle Solaris Studio provides developers with everything necessary to create high-quality, 
high-performance applications in a tightly integrated and productive environment. Whether the 
systems are Oracle servers based on SPARC or SPARC64 processors or x86 and x64 systems with 
Intel processors, Oracle Solaris Studio helps developers to leverage the unique features of Oracle 
systems and software to achieve more efficient and powerful application performance.  

Oracle Solaris Studio Integrated Development Environment 

As the process of application development becomes more complex, developers need an integrated and 
optimized platform with which to work. Oracle Solaris Studio contains a full-featured integrated 
development environment (IDE) based on the award winning NetBeans IDE and tailored for use with 
the included compilers and debuggers. Figure 1 depicts the Oracle Solaris Studio portfolio of tools.  
 

  
Figure 1. The next-generation Oracle Solaris Studio IDE seamlessly integrates advanced tools for application development. 
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Offering a rich tool set for creating cross-platform desktop, enterprise, and Web applications, Oracle 
Solaris Studio includes modules for creating, editing, building, and debugging the functionality and 
performance of C, C++, and Fortran applications. Key to the GUI are many features that provide 
visibility into different critical areas of application development. Some of these features include the 
following:  

• A Call Graph window that displays a tree view of either the functions called from a selected function 
or the functions that call that function 

• An Include Hierarchy window that inspects the hierarchy of source and header files  
• A Usages window that indicates every spot where a class, function, variable, macro, or file is used in 

a project's source code 

• Automatic highlighting of syntactic and semantic errors as code is entered 

• Code completion 

• GoTo menu items that allow developers to jump directly to functions or variables, go to included 
files, or find a type 

Oracle has added new features to the Oracle Solaris Studio IDE that can help accelerate developer 
productivity, including the following: 

• Integration of profiling, data race and deadlock detection, memory access checking, and static error 
checking tools into the IDE 

• Ability to import an existing binary into the IDE and create a project from it 

• Options for remote development (for example, building, running, debugging, profiling on a remote 
host or network shared file system), including browsing remote file systems and opening an 
embedded terminal connection to the remote host 

• Generating a desktop distribution of the IDE that can be installed and run on Microsoft Windows, 
Mac OS X, or Linux desktop system and that can access Oracle Solaris Studio compilers and tools 
on a remote host 

• Strong support for intensive C++ code, including templates and specializations navigation 

By integrating all the steps programmers take—from code generation to edit-compile-debug-tune 
cycles—the Oracle Solaris Studio IDE makes it easy to rapidly build high-performance applications. 
For more information, see the Oracle Solaris Studio 12.3 IDE Quick Start Tutorial. Figure 2 depicts the 
Oracle Solaris Studio IDE. 
 
 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSQS
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Figure 2. The Oracle Solaris Studio IDE has a powerful GUI to help developers increase productivity. 

 

Build Better and Faster Applications with C, C++, and Fortran Compilers 

Programmers need sophisticated compilers and tools to successfully develop high-performance 32- and 
64-bit applications. They also need to be able to develop optimized and parallelized applications with 
peak deployment performance. Currently a leader among IDEs in multithreading development, Oracle 
Solaris Studio offers the highest performance parallelizing compilers, tuned for Oracle Solaris and 
underlying hardware, resulting in the best overall development platform for Oracle systems. Indeed, 
the record-setting application performance of Oracle Solaris Studio C, C++, and Fortran compilers 
consistently exceeds the performance of open-source alternatives.  

Oracle Solaris Studio tools aid programmers in creating efficient applications that are portable across 
the entire Oracle hardware product family. The compilers provide a solid foundation for building 
robust, high-performance, parallel code for Oracle systems running on SPARC, x64, and x86 
processors. Utilizing the extensive set of 32- and 64-bit options available in the Oracle Solaris Studio 
compilers, applications can be built to meet a broad range of needs. For instance, an application can be 
compiled to provide reasonable performance on any SPARC processor, resulting in a single application 
binary for all Oracle systems with SPARC processors.  
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Alternatively, developers can compile the same application to run with maximum performance by 
using different compiler options to take advantage of features found in the latest 64-bit UltraSPARC 
processor. This is accomplished by specifying the type of processor to be used so that the compilers 
can generate code optimized for different processor instruction sets. As a result, the same application 
source code can be used to create optimized application binaries for each SPARC architecture, 
maximizing performance across the entire SPARC product line. Refer to 
http://www.oracle.com/technetwork/server-storage/solarisstudio/overview/ to find a complete list 
of supported platforms. 

Employing Highly Optimizing, Automatically Parallelizing Compilers 

As the quest for greater performance turns from merely relying on processor speeds to increasing 
parallelism in both hardware and software, programmers are looking to develop applications with 
multithreaded parallel capabilities. A good example of hardware parallelism is a processor such as the 
UltraSPARC T2 processor, which contains eight cores and 64 threads on a single chip. In order to 
leverage the possibilities offered by multicore, multithreaded hardware, the compilers in Oracle Solaris 
Studio are optimized for the latest multicore architectures and offer compiler auto-parallelization and 
support for the OpenMP (http://www.openmp.org/) and Message Passing Interface (MPI) application 
programmer interfaces (APIs). Applications can be multithreaded to enhance their efficiency on 
multiprocessor systems by identifying tasks that can be performed in parallel and reprogrammed to 
distribute their computations. This process of parallelizing an application recasts the compiled program 
to take full advantage of a multiprocessor system.  

The compilers focus on loops for auto-parallelization by distributing the computational work of a loop 
over several processors without requiring modifications to the source program. The compiler selects 
which loops to parallelize and how to distribute them. Key features in the compilers provide important 
functionality to parallelize applications. These features include the following: 

• Loop transformations. The compiler performs several loop restructuring transformations to help 
improve loop parallelization in programs. Some of these transformations can improve the single 
processor execution of loops as well. Frequently, loops contain a few statements that cannot be 
executed in parallel and many statements that can be executed in parallel. Loop distribution attempts 
to remove the sequential statements into a separate loop and gather the parallelizable statements into 
a different loop. Loop distribution is not always profitable or safe to perform. The compiler 
performs analysis to determine the safety and profitability of distribution, and is designed to be 
conservative in carrying out loop distributions. 

• Dependency analysis. A set of operations can be executed in parallel only if the computational 
result does not depend on the order of execution. The compiler can perform dependency analysis to 
detect loops with no order dependence. It is important to note that the compiler may not perform all 
potential loop parallelizations it finds—some loops may be left alone because the gain in 
performance does not justify the overhead introduced. 

For more information, see How to Optimize the Parallel Performance of Applications. 

http://www.oracle.com/technetwork/server-storage/solarisstudio/overview/
http://www.openmp.org/
http://content.oracle.com/technetwork/articles/servers-storage-admin/o11-146-studio-optimze-parallel-1382728.html
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Increase Application Performance 

Intensive mathematical operations, numerical algorithms, and numerical applications such as matrix 
multiplications can create performance issues for programmers. The Oracle Solaris Studio 
Performance Library is a collection of high-speed mathematical subroutines and functions that take 
maximum advantage of supported platform architectures in order to achieve optimal performance. 
Developers can use these routines for solving computational linear algebra, fast Fourier transforms 
(FFTs), and other numerically intensive problems. Oracle Solaris Studio Performance Library routines 
are callable from Fortran, C, and C++ programs, and contain Oracle’s enhanced implementations of 
the routines in BLAS1, BLAS2, BLAS3, LAPACK, PBLAS, BLACS, FFTPACK, VFFTPACK, 
SPSOLVE, Sparse BLAS, and SuperLU. Many of the basic versions of these routines are publicly 
available in the original Netlib libraries; however, those libraries are not highly optimized or parallelized 
for a particular system.  

Oracle Solaris Studio Performance Library contains both scalar and parallel settings of these routines 
and maintains the same interfaces and function of the original Netlib libraries. Available in both static 
and dynamic library versions, Oracle Solaris Studio Performance Library is optimized for systems that 
use the SPARC and x86/x64 families of processor architectures. As a result, user code can 
automatically gain significant speed by simply specifying at link time that Oracle Solaris Studio 
Performance Library should be used instead of the Netlib distribution. This approach requires no 
source code changes or application recompiling.  

Oracle Solaris Studio Performance Library takes advantage of multicore or multiprocessor systems via 
parallel coding of select functions by using the OpenMP or MPI APIs. It can be used with programs 
that utilize Oracle Solaris threads, POSIX threads, OpenMP, or MPI. The Oracle Solaris Studio 
Performance Library includes many key kernel routines tuned to achieve significant performance 
improvements on a single core, which automatically translate into a performance boost in multicore, 
shared memory, and distributed memory parallel environments. For many routines, Oracle Solaris 
Studio Performance Library contains parallel algorithms to further increase parallel performance. 

The following Oracle Solaris Studio Performance Library features can help developers to increase 
application performance and develop more efficient code: 

• A consistent API across the different libraries 

• Enhanced and newly added standard routines with—in some cases—greater accuracy 

• Optimizations for specific SPARC and x86/x64 instruction set architectures  

• Support for 64-bit enabled Oracle Solaris 

• Support for parallel processing compiler options for SPARC and x86/x64 platforms 

• Support for multiple processor hardware options  

• A new Custom Library Tool that provides the option to create scaled down versions of Oracle 
Solaris Studio Performance Library and condense the library size to only the routines needed 
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For more information on the Oracle Solaris Studio Performance Library, see the user’s guide at 
http://docs.oracle.com/cd/E18659_01/index.html. 

Facilitate Application Debugging 

Today's developers face far greater challenges in determining where applications may be having 
problems. Multithreaded programs running on multicore hardware platforms can turn application 
debugging into a labor-intensive and time-consuming endeavor. Developers must be able to figure out 
quickly what is going on—and where—within an application in order to obtain optimal performance. 

Discover and Uncover 

Oracle Solaris Studio offers two tools that address some of the most difficult aspects of application 
development: the Memory Error Discovery Tool (Discover) and the Code Coverage Tool (Uncover).  

Memory-related errors in programs can be the most difficult for developers to debug and are 
frequently the cause of erratic program behavior. Finding the location of the error in the source code 
can be problematic. The Discover software is an advanced development tool for detecting memory 
access errors. Simple to use, Discover works with any binary—even a fully optimized binary—that has 
been prepared by the compiler. To use Discover, the binary is instrumented with a single command 
and run in the normal way. Memory access errors are then caught and reported dynamically as the 
program executes. Discover produces a report of the memory anomalies found during the run that can 
be viewed as a text file or as an HTML file in a Web browser. Developers should note that Discover 
operates on the code that is executed—if a portion of user code is not executed at runtime, errors in 
that portion are not reported.  

One example of the type of error that Discover can catch is when a program allocates an array, does 
not initialize it, and then tries to read from one of the array locations, causing unpredictable results. 
Other errors that Discover can detect include reading from and writing to unallocated memory, 
accessing memory beyond allocated array bounds, incorrect use of freed memory, freeing the wrong 
memory blocks, and memory leaks. Discover works on binaries compiled with the Sun Studio 12, Sun 
Studio 12 Update 1, Oracle Solaris Express 6/10, Oracle Solaris Studio 12.2, or Oracle Solaris 12.3 
compilers; or the GCC for Sun Systems compilers starting with version 4.2.0, on systems running the 
Oracle Solaris 10 10/08 operating system or a later Solaris 10 update, Oracle Solaris 11 Express, or 
Oracle Solaris 11. Figure 3 shows an HTML report from Discover. 

 

http://docs.oracle.com/cd/E18659_01/index.html
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Figure 3. Discover can help developers spot elusive memory errors. 

 

It is vital for developers to thoroughly test new code before placing it into production. Code coverage 
is an aspect of the software testing process that provides information as to which areas of source code 
are being exercised during testing and which are not. Once armed with that knowledge, developers can 
make improvements to test suites in order to test greater portions of code more effectively. 

The Oracle Solaris Studio Code Coverage Tool (Uncover) is a simple and easy-to-use command-line 
tool for measuring code coverage of applications. With a unique feature called uncoverage, Uncover 
makes it possible to quickly find major functional areas within binaries that are not being tested. The 
coverage information reported by Uncover can be at a function, statement, basic block, or instruction 
level.  

Multithread and multiprocess safe, Uncover provides a simple procedure for instrumenting the binary, 
running tests, and displaying the results. Uncover does not require a special build for coverage testing, 
making it easy for developers to use the tool with regular or optimized binaries that are ready for 
production. Unlike many programs that are sluggish when the code is instrumented, the performance 
impact of Uncover relative to uninstrumented code is fairly small. Figure 4 shows a coverage report 
from Uncover displayed in the Performance Analyzer.  

For more information on Discover and Uncover, see the Oracle Solaris Studio 12.3: Discover and Uncover 
User's Guide. 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDU
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDU
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Figure 4. The Oracle Solaris Studio Code Coverage Tool can measure code coverage at the instruction level. 

 

Code Analyzer 

The Oracle Solaris Studio Code Analyzer is an integrated set of tools designed to help developers of C 
and C++ applications for Oracle Solaris produce secure, robust, and quality software. The Code 
Analyzer integrates static code error data collected by the compiler with dynamic memory access error 
data collected by Discover and code coverage data collected by Uncover. By analyzing the integrated 
error data, the Code Analyzer can find errors in code that cannot be detected by other error detection 
tools working by themselves. And it can pinpoint core issues in the code that, when fixed, will 
eliminate most of the other errors. 

When code is compiled with a special compiler option, the compiler detects static code errors such as 
reading or writing beyond array bounds, double freeing memory, reading or writing from freed 
memory, infinite empty loops, memory leaks, and reading from uninitialized memory. The error data is 
stored in a directory for use by the Code Analyzer. Instrumenting and running the code with Discover 
adds the memory access error data. Instrumenting and running with Uncover adds the code coverage 
data. 

The Code Analyzer GUI can analyze and display one, two, or all three types of data. It allows a 
developer to explore the data by displaying more details (such as an error path or call stack) for an 
issue, jumping from a function call in the stack to the associated source code line, finding all the places 
that function is used in the code, and displaying a call graph for the function. It also provides helpful 
information about each error type, including a code example and possible causes of the error. The 
developer can display all the errors found or only the core issues that are likely causes of the others. 
Figure 5 shows error data displayed in the Code Analyzer. 
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For more information, see the manuals Oracle Solaris Studio 12.3: Code Analyzer User's Guide and Oracle 
Solaris Studio 12.3: Code Analyzer Tutorial. 

 

Figure 5. Error data displayed in Code Analyzer. 

The dbx Debugger and the GUI-Based dbxtool 

Oracle Solaris Studio features two powerful debugging solutions: dbx and the standalone graphically 
based version of dbx, dbxtool. dbx is a time-tested, interactive debugging tool that provides facilities 
to run a program in a controlled fashion and to inspect the state of a stopped program. Developers 
utilizing dbx can gain complete control of the dynamic execution of a program, including the 
collection of performance data. Using dbx, it is possible to quickly and easily debug an executable, a 
core file, or even a running program by attaching to the running process. It can also be used to debug 
at the machine-instruction level.  

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSCA
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSCT
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSCT
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The scriptable dbx debugger is multithread-aware and can debug multithreaded applications that use 
either Oracle Solaris or POSIX threads. Users can examine stack traces of each thread, resume all 
threads, step through or over a specific thread, and navigate between threads. The debugger also 
supports "fixing and continuing," the process of relinking source files after making changes without 
having to recompile the entire program or restart the debugging session. By eliminating the 
time-consuming steps of rebuilding the program and starting the debugger again from the beginning, 
developers can get programs working more rapidly. In addition, dbx can help track down difficult bugs 
by providing developers with valuable memory information including usage, leaks, and what is being 
accessed.  

The dbx debugger can be accessed from the command line, the IDE, or from dbxtool, a standalone 
graphical interface that provides access to all the functionality of dbx. Figure 6 shows the graphical 
interface of dbxtool. It differs from the IDE implementation in two major ways: 

• dbxtool allows you to enter the debugger and issue commands before starting to debug your 
application, just like the dbx command line.  

• dbxtool doesn't know about IDE projects; it uses file names just like the dbx command line. 

For more information on dbx, see the manual Oracle Solaris Studio 12.3: Debugging a Program With dbx. 
For more information on dbxtool, see the Oracle Solaris Studio 12.3 dbxtool Tutorial. 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDP
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDX
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Figure 6. Debugging an application with the standalone dbxtool. 

 

Runtime Checking 

When debugging applications containing memory-related defects, application developers need an 
efficient method to monitor and collect data on memory usage and detect elusive memory issues 
without increasing the size of the source code or requiring it to be instrumented. Runtime checking is 
an integral debugging feature of Oracle Solaris Studio that automatically detects runtime errors, such as 
memory access and memory leaks, in an application during the development phase. As errors are 
detected, the debugger interrupts program execution and displays the relevant source code, enabling 
the developer to fix bugs as they are found—greatly improving developer productivity and application 
quality.  

With support for multithreaded code, runtime checking provides a valuable means of debugging more 
complex multithreaded applications. Oracle Solaris Studio runtime checking works with all languages 
and requires no recompiling, relinking, or makefile changes. Users of Oracle Solaris Studio can 
perform all debugging operations while using runtime checking except collecting performance data.  
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Oracle recommends using runtime checking early in the development cycle, as individual program 
modules are being developed. By using runtime checking incrementally to check each module 
individually, it is possible to deal with a smaller number of errors at one time. This approach leads to 
fewer new errors when all the modules are integrated into the full program. Once the number of errors 
found is reduced to zero, it is necessary to perform runtime checking again only when making changes 
to a module.  

For more information, see Chapter 9, Using Runtime Checking in the manual Oracle Solaris Studio 12.3: 
Debugging a Program With dbx. 

The Thread Analyzer 

The Thread Analyzer is a tool that helps identify common—yet notoriously difficult to debug—issues 
in multithreaded code. With powerful thread analysis capabilities, the Thread Analyzer analyzes the 
execution of the program across multiple threads and detects data race and deadlock conditions.  

Data race conditions occur when two or more threads in a single process concurrently access the same 
memory location, at least one of the threads is attempting a write operation, and the threads are not 
using any exclusive locks to control access to that memory. Data races, a common pitfall in 
multithreaded code, can cause incorrect or unpredictable results later in the execution of a program, 
making it very difficult to determine the cause of the problem. The Thread Analyzer keeps track of 
data accesses in a multithreaded program at runtime, and reports data races that have been 
encountered. By automatically detecting data races, the tool eases the task of multithreaded 
programming. 

Deadlocks, another common pitfall in multithreaded code, occur when one thread is blocked waiting 
on a resource held by another thread, while the second thread is blocked waiting on a resource held by 
the first thread. The Thread Analyzer can detect deadlocks that are caused by the inappropriate use of 
locks. The tool can detect both actual deadlocks that cause the program to hang, as well as potential 
deadlocks that might not cause the program to hang in a particular run.  

The Thread Analyzer interface is streamlined for multithreaded program analysis and displays tabs for 
Races, Deadlocks, Dual Source, Race Details, and Deadlock Details. The Thread Analyzer supports 
code that is written using the POSIX threads API, the Oracle Solaris operating system threads API, 
OpenMP directives, or a mix of these. Figure 7 shows the Thread Analyzer interface.  

For more information on the Thread Analyzer, see the manual Oracle Solaris Studio 12.3: Thread Analyzer 
User's Guide. 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDP
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDP
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSTA
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSTA
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Figure 7. The Thread Analyzer helps to troubleshoot notoriously difficult multithreaded code errors such as data races and deadlocks. 

 

Understand Application Behavior 

Developers encounter many different challenges when attempting to determine why an application is 
performing in a certain way. Oracle Solaris Studio contains tools for analyzing applications at the 
thread level to full-scale performance analysis. 

The Performance Analyzer 

The increasing complexity of multithreaded applications can make it difficult for developers to observe 
application performance and pinpoint problem areas. The Performance Analyzer contains tools to help 
assess the performance of application code, identify potential performance problems, and locate the 
part of the code where the problems occur. The Performance Analyzer offers support for applications 
developed in C, C++, Fortran, and Java, or a combination of those languages, and using the OpenMP, 
MPI, or Pthreads programming models.  

Developers typically use the profiling tools prof and gprof to analyze programs by listing which 
programming modules call other modules and which modules are called by other modules. The data is 
collected and the gprof command is used to interpret the data results. The analysis can be helpful, 
because it can indicate whether a function is heavily recursive and needs to be parallelized. However, 
these profiling tools are not adequate for tuning complex programs, and developers should not rely 
solely on gprof analysis results since gprof assumes all calls to a function take the same amount of 
time when computing cumulative time. This assumption can be incorrect and causes misleading data. 



 Developing Enterprise Applications with Oracle Solaris Studio 

 

16 

Instead of prof and gprof, developers can use a pair of Oracle Solaris Studio tools, the Collector and 
Performance Analyzer, to collect and analyze application performance data. These tools provide a 
more flexible, detailed, and accurate analysis than the commonly used profiling tools prof and gprof, 
but they are not subject to the possible errors in gprof. Both tools can be used from the command 
line or from a graphical user interface. 

Used together, the Collector and Performance Analyzer tools help to answer questions such as the 
following: 

• How much of available resources does the program consume? 

• Which functions or load objects are consuming the most resources? 

• Which source lines and instructions are responsible for resource consumption? 

• How did the program arrive at this point in the execution? 

• Which resources does a function or load object consume? 

The Collector collects three different kinds of data—profiling, tracing, and global data. Profiling 
records events triggered either by a profiling clock or by the overflow of a hardware counter, and it 
records the event with the process call stack. Tracing data records events based on interposition of a 
wrapper around various library functions, and it records information about the call, including the time 
spent in the call, its parameters, and the process call stack. Global data, or sampling, is collected by 
calling various system routines to obtain information. Both profiling data and tracing data contain 
information about specific events, and both types of data are converted into performance metrics. 
Global data is not converted into metrics, but it is used to provide an overview of the program 
execution during a given time segment. 

Among the types of data that can be gathered by the Collector are the following: 

• Clock-Based Profiling Data. Clock-based profiling is the default data collected, and it represents a 
statistical sampling of where the program spends its time. On Oracle Solaris, the data includes User 
CPU Time, System CPU Time, Lock Wait Time, CPU Wait time, and more. On Linux, only User 
CPU Time is available from the kernel. 

• Hardware Counter Overflow Profiling Data. Hardware counters keep track of events such as 
cache misses, cache stall cycles, floating-point operations, branch mispredictions, CPU cycles, and 
instructions executed. Hardware counter overflow profiling is the process of recording a profile 
packet when a designated hardware counter of the CPU on which a thread is running overflows. The 
Collector records the overflow value and counter type in the profile packet, and the counter is reset 
and continues counting. Hardware counter overflow profiling is useful for diagnosing problems with 
the flow of information into and out of the CPU. The specific hardware counters available depend 
on the specific CPU chip in the machine. 
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• Synchronization Wait Tracing Data. In multithreaded programs, the synchronization of tasks 
performed by different threads can cause delays in program execution when a thread has to wait for 
access to data that has been locked by another thread. The time spent waiting for the lock is called 
the wait time. These synchronization delays are collected by tracing calls to Oracle Solaris or 
pthread thread functions, and the process of collecting and recording these events is called 
synchronization wait tracing. This information is useful for determining whether there is thread 
contention and whether the program requires modifications to improve performance.  

• Heap Tracing (Memory Allocation) Data. In heap tracing, the Collector traces memory allocation 
and deallocation requests by interposing on the C standard library memory allocation functions 
malloc, realloc, and memalign and the deallocation function free. If these memory allocation 
and deallocation functions are not properly managed, inefficient data usage and poor program 
performance can result. Collecting heap tracing data can help identify memory leaks in a program or 
locate places where there is inefficient memory allocation.  

• Dataspace Profiling on SPARC. Dataspace profiling collects data in which memory-related events, 
such as cache misses, are reported against the data-object references that cause the events, instead of 
just the instructions where the memory-related events occur. Dataspace profiling can be performed 
on C programs that are compiled for the SPARC architecture and it is not available on Linux 
systems. 

• Kernel Profiling. A command, er_kernel, allows profiling of the Oracle Solaris kernel with either 
clock- or hardware-counter profiling, which allows users to understand what Oracle Solaris does in 
response to the user program. It also allows simultaneous measurement of the user processes. 

The Performance Analyzer tool displays the data recorded by the Collector, processes the data, and 
displays various metrics of performance at the program, function, source line, and instruction level. 
The Performance Analyzer also displays the raw data in a graphical format as a function of time.  

For more information, see the manual Oracle Solaris Studio 12.3: Performance Analyzer. Figure 8 shows the 
Performance Analyzer. 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSPA
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Figure 8. The Performance Analyzer provides valuable program analysis. 

DLight 

System profiling tools allow developers to explore systems to understand how they work, identify 
performance problems across many software layers, and pinpoint the source of aberrant system or 
application behavior. DLight is a new GUI tool with a simple drag-and-drop interface that unifies 
application and system profiling using Oracle Solaris Dynamic Tracing (DTrace) technology on Oracle 
Solaris platforms. 

DTrace is a comprehensive dynamic tracing facility built into Oracle Solaris that gives users, 
administrators, and developers a new and unique level of observability into the behavior of user 
programs and the operating system. Thousands of tracing points, or probes, are embedded in the 
Oracle Solaris kernel, utilities, and other software components to enable dynamic instrumentation of 
user-specified probes for recording data and examining the system in-depth.  

Unlike other profiling tools, DTrace does not make any changes to the target system, because changes 
could result in differences between the behavior of profiling and non-profiling code and cause 
anomalies in the investigation of errors. DTrace enables the testing of an actual production system with 
a negligible effect on performance in the system under test. Designed with security, complete safety, 
and error checking at its core, DTrace cannot damage a running system, so it is possible to use it with 
confidence on live production systems whenever it is needed. With DTrace, users gain a safe and 
unprecedented view into the inner workings of applications, user processes, and the operating system 
kernel that facilitates swift system troubleshooting and problem resolution. 
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DLight utilizes and visualizes the power of DTrace debugging and performance analysis functionality. 
Developers can select the target application, choose the DLight instrumentation to be monitored while 
the target application is running, and analyze the data returned by the tool. The data returned can be 
used to refine the experiment recursively until the behavior of the application under analysis is clear. 
The DLight tool can be applied to an attached process or an executable. Figure 9 shows the use of 
DLight for analysis.  

For more information, see the Oracle Solaris Studio 12.3 DLight Tutorial. 
 

 

Figure 9. DLight utilizes DTrace technology to provide in-depth program analysis. 

 

Conclusion 

With organizations running on powerful enterprise systems, developers require advanced tools to 
leverage hardware and streamline end-to-end development of parallel applications. Designed to 
optimize implementations on the entire range of Oracle servers, Oracle Solaris Studio is hailed for 
producing the ultimate in application performance optimization. Instead of a disjointed variety of tools, 
the integrated Oracle Solaris Studio suite takes programmers through the entire application 
development cycle, enabling the swift and easy creation of high-performance applications that derive 
the most benefit from underlying platforms. 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDL
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For More Information 

More information on Oracle Solaris Studio and related technologies can be found in the references 
listed in Table 1. 
 

TABLE 1. REFERENCES 

Oracle Solaris Studio documentation http://www.oracle.com/technetwork/server-storage/solarisstudio/documentation/index.html  

“How to Analyze and Improve 

Application Performance” 

 http://content.oracle.com/technetwork/articles/servers-storage-admin/o11-145-studio-

analyze-perf-1382726.html 

Oracle Solaris Studio information on 

the Oracle Technical Network 

http://www.oracle.com/technetwork/server-storage/solarisstudio/overview/index.html  

“Solaris Studio Topics: Debugging” http://www.oracle.com/technetwork/systems/debugging-apps/index.html  

DTrace information http://www.oracle.com/technetwork/systems/dtrace/dtrace/index.html  

Performance Library User’s Guide http://docs.oracle.com/cd/E18659_01/index.html  

Oracle Solaris Studio 12.3: 

Performance Analyzer 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OOSPA 

Oracle Solaris Studio 12.3: Thread 

Analyzer User’s Guide 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSTA 

Oracle Solaris Studio 12.3: 

Debugging a Program With dbx 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDP 

Oracle Solaris Studio 12.3 IDE Quick 

Start Tutorial 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSQS 

Oracle Solaris Studio 12.3 dbxtool 

Tutorial 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDX 

Oracle Solaris Studio 12.3 DLight 

Tutorial 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDL 

Oracle Solaris Studio 12.3 Discover 

and Uncover User's Guide 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDU 

Oracle Solaris Studio 12.3 Code 

Analyzer User's Guide 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSCA 

Oracle Solaris Studio 12.3 Code 

Analyzer Tutorial 

http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSCT 

  

http://www.oracle.com/technetwork/server-storage/solarisstudio/documentation/index.html
http://content.oracle.com/technetwork/articles/servers-storage-admin/o11-145-studio-analyze-perf-1382726.html
http://content.oracle.com/technetwork/articles/servers-storage-admin/o11-145-studio-analyze-perf-1382726.html
http://www.oracle.com/technetwork/server-storage/solarisstudio/overview/index.html
http://www.oracle.com/technetwork/systems/debugging-apps/index.html
http://www.oracle.com/technetwork/systems/dtrace/dtrace/index.html
http://docs.oracle.com/cd/E18659_01/index.html
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OOSPA
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSTA
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDP
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSQS
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDX
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDL
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSDU
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSCA
http://www.oracle.com/pls/topic/lookup?ctx=E24457&id=OSSCT
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