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Both the Go-Parallel site and the multicore 
portal on the Intel® Software Developer 
Network offer a rich set of forums and 
training materials used by many developers 
to hone their knowledge and skills. And Intel® 
software tools, long recognized for offering 
high-performance solutions, deliver strong 
support for parallel programming.

Meanwhile, Intel investments continue to 
yield results.

2010 marks the sixth year of both Intel 
shipping multicore processors and of Intel 
TBB. Given these milestones, in addition  
to Intel Parallel Studio entering its second 
year and the teams from Cilk Arts* and 
RapidMind* now at work in Intel, one might  
ask “What’s next?”

Intel TBB has received awards and been 
cited as the most popular abstraction for 
parallelism in use. We are obviously pleased 
with the strong interest and many prod-
ucts that are produced using Intel TBB. In 
2010, Intel TBB will support Microsoft’s new 
Concurrency Runtime, a runtime designed 
for use by parallel models like Intel TBB to 
ensure a new level of compatibility. This 
move represents an important step forward 
in coordinating parallelism running on the 
Windows* operating system.

Intel Parallel Studio recently offered its 
first service pack, which added Windows 7* 
support and command line functionality for 
Intel® Parallel Inspector and Intel® Parallel 
Amplifier. It will also grow to include Intel® 
Parallel Advisor to help in the design and 
design evaluation steps of adding parallelism. 
We expect that the key insights into how to 
accelerate the error-prone and tedious step 
of deciding how to add parallelism will be put 
to good use by program architects. 

Support for Microsoft Visual Studio* (VS) 
includes full support under VS 2005* and VS 
2008*, and will expand to VS 2010* shortly 
after it is available from Microsoft. We will 
continue to offer developers a choice when it 
comes to deciding which version of VS they 
can use for parallel programming. We will also 
see tangible results from our acquisitions of 
a couple of great teams last year, specifically 
on Intel® compilers thanks to Cilk technology 
and on our Ct technology, available for field 
tests in beta form.

Of course, parallelism for high performance 
computing continues as well. Intel will offer the 
first and only OpenMP to support Microsoft® 
Concurrency Runtime, a new MPI library with 
split-rail support, MPI tools, a compiler, and 
an updated and expanded Intel® VTune™ 
Performance Analyzer. Parallel programming 
just keeps getting better and better.

As I always like to point out, despite 
a great record with helping adapt legacy 
applications, educating developers, and 
providing really great help with tools, it is 
still up to us, as software developers, to 
know what to do with these wonderful 
tools. Just as before parallel programming,  
a good design comes from the human 
developer—not the tools. Parallel programming 
is no different. Therefore, we humans need  
to work on “Think Parallel.”

James Reinders
Portland, Oregon
March 2010

James Reinders is Chief Software Evangelist and 
Director of Software Development Products at Intel 
Corporation. His articles and books on parallelism 
include Intel Threading Building Blocks: Outfitting  
C++ for Multicore Processor Parallelism.

It is no surprise that Intel® Parallel 
Studio is consistently cited in articles and 
analyst reports about software that helps 
with parallel programming. Of course, 
Intel has a long history with high perfor-
mance computing (HPC) through efforts 
with OpenMP* and MPI*. Recently, Intel 
led non-HPC efforts on projects like Intel® 
Threading Building Blocks (Intel® TBB) and 
Intel® Parallel Studio. 

Offering real assistance for multicore 
programming has meant addressing modi-
fication of existing applications, addressing 
ease-of-use issues, and supplying tools to aid 
in the entire process of designing a program. 
To these ends, Intel started with Intel TBB 
to address the many challenges of using 
C++—designed in an age of single-processor 
systems—in a multiprocessor and multicore 
processor world. 

Encouraged by the success of Intel TBB, 
Intel addressed the whole design cycle with 
Intel Parallel Studio. By not just focusing on 
the alluring topic of language extensions for 
parallelism, Intel has made significant progress 
on debugging and tuning issues that have 
long perplexed parallel programming. Beyond 
helping debug the most common parallel 
programming issues, deadlocks, and data 
races, Intel found key advances to address 
memory leak errors, which have proven harder 
to debug in a parallel program. 

Serious advances here have proven 
immensely helpful for development teams 
striving to have predictable schedules and 
results. It is not a stretch to say that without 
these new tools from Intel, a foray into parallel 
programming is much less likely to succeed.

Legacy, education, and tools were the 
three key needs identified in a recent joint 
Intel-Microsoft* customer roundtable on 
parallelism that I was fortunate enough to 
attend. Intel’s alignment with our activities 
and these needs are the strongest that I  
see in the industry. 

Encouraged by the success of Intel 
TBB, Intel addressed the whole design 
cycle with Intel® Parallel Studio.

Efforts include:
Helping with legacy applications by making >>
it possible to add parallelism into existing 
programs without unreasonable changes 

Helping address multicore opportunities >>
through software developer education 
when truly needed, while developing, 
where possible, better approaches to 
avoid the need for additional education 
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Figure 5: Threading analysis accuracy improves with analysis level—to a point.

Figure 4 shows the tradeoff between  
accuracy and runtime for memory analysis of 
the sample program, when run on a Windows 
7 PC with an Intel Core i7 Extreme Edition 
processor. Analysis levels 1 through 4 are 
shown alongside the percentage of problems 
found at each level. Analysis level 0 represents 
the case where Intel Parallel Inspector is  
not run on the code at all (i.e., the raw 
performance of the code).

The data indicates that level 3 memory 
analysis has an excellent accuracy rate for an 
acceptable increase in runtime. For memory 
analysis, 88 percent of the problems in this 
project are found with the runtime expanding 
to 25x of normal. Level 4 analysis provides 
additional information (e.g., deeper call stacks 
and thread stack analysis), but does not find 
additional memory problems in this project. 
Your project may have a more complex 
memory access pattern that necessitates 
level 4 memory analysis, but for most 
projects level 3 is sufficient and is certainly 
the right level for regular testing.

Threading Analysis: Features, 
Accuracy, and Performance
The sample project contains five threading 
errors findable by Intel Parallel Inspector at 
the highest analysis level. Unlike the memory 
analysis, all of the threading errors are safe in 
the sense that they do not corrupt memory. 
At level 1, Intel Parallel Inspector only detects 
potential deadlocks. At level 2, data races are 
also detected. Levels 3 and 4 increase the call 
stack depth of the reported data races.

The sample project contains the 
following threading problems:

3 heap data races>>

1 stack data race>>

1 deadlock>>

Figure 5 shows the tradeoff between 
accuracy and runtime for threading analysis 
of the sample program, when run on a 
Windows 7 PC with an Intel Core i7 Extreme 
Edition processor. Analysis levels 1 through 
4 are shown alongside the percentage of 
problems found at each level. Analysis level 
0 represents the case in which Intel Parallel 
Inspector is not run on the code at all  
(i.e., the raw performance of the code).

The data for threading analysis tells a 
similar story as the memory analysis. Level 2 
analysis catches 80 percent of the problems 
with a runtime expanding to 18x of normal. 
Level 4 analysis will check for data races among 
stack variables. Stack variables are not meant 
to be shared, so data races are not common. 
A lower level analysis, such as level 2 or 3, are 
more commonly used for regular testing.

Further Reading and Resources
The help files installed with Intel Parallel 
Inspector (accessible in Microsoft Visual 
Studio* from the Help Menu as Intel® Parallel 
Studio—Parallel Studio Help—Inspector Help) 
give additional examples of detectable errors 
in the section “Problem Type Reference.” o
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Windows* Unmanaged 
Code Libraries

IPP Unmanaged 
Code ‘C’ Libraries

.NET Common Language Runtime (CLR)

.NET Framework Class 
 Libraries (FCL)

.NET Framework Application

Figure 1: Intel IPP in .NET Framework

Assembly: An assembly is a collection of types and resources that 
are built to work together and form a logical unit of functionality. 
They are the building blocks of the .NET Framework applications, 
are stored in the portable executable (PE) files, and can be a DLL or 
EXE. Assemblies also contain metadata, the information used by the 
CLR to guarantee security, type safety, and memory safety for code 
execution.

Garbage collector: The .NET Framework’s garbage collector (GC) 
service manages the allocation and release of memory for the managed 
objects in the application. The GC checks for objects in the managed 
heap that are no longer used by the application and performs the 
operations necessary to reclaim their memory. The data under control 
of the GC is managed data.

Unsafe code: C# code that uses pointers is called unsafe code. The 
keyword “unsafe” is a required modifier for the callable members such 
as properties, methods, constructors, classes, or any block of code. 
Unsafe code is a C# feature for performing memory manipulation using 
pointers. Use the keyword fixed (pin the object) to avoid movement 
of the managed object by the GC. Note that unsafe code must be 
compiled with the /unsafe compiler option.

Microsoft* .NET Framework Overview
.NET Framework Terminology

.NET Framework: The Microsoft* .NET Framework is a managed 
runtime environment for developing the applications that target 
the common language runtime (CLR) layer. This layer consists of 
the runtime execution services needed to develop various types of 
software applications, such as ASP .NET, Windows* forms, XML Web 
services, distributed applications, and others. Compilers targeting the 
CLR must conform to the common language specification (CLS) and 
common type system (CTS), which are sets of language features and 
types common among all the languages. These specifications enable 
type safety and cross-language interoperability. It means that an 
object written in one programming language can be invoked from 
another object written in another language targeting the runtime.

C#: C# is a programming language designed as the main language of 
the Microsoft .NET Framework. It compiles to a common intermediate 
language (CIL) like all the other languages compliant with the .NET 
Framework. CIL provides a code that runs under control of the CLR. 
This is managed code. All codes that run outside the CLR are referred 
to as unmanaged codes. CIL is an element of an assembly.
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Figure 2 

DllImport(“custom.dll”)] 
static extern double 
foo(double a, double b);

Managed Unmanaged

Boolean BOOL, Win32 BOOL, or Variant

Char CHAR, or Win32 WCHAR

Object	 Variant, or Interface

String	 LPStr, LPWStr, or BStr

Array SafeArray

Table 1: Mapping of several data types, unmanaged-managed environment

.NET Framework  
Interoperability Mechanisms

The CLR supports the Platform  
Invocation Service (P/Invoke) that allows  
mapping a declaration of a managed  
method to unmanaged methods. The  
resulting declaration describes the stack  
frame but assumes the external method 
body from a native DLL.

P/Invoke Service

P/Invoke enables managed code to call C-style 
unmanaged functions in native DLLs. P/Invoke 
can be used in any .NET Framework-compliant 
language. It is important to be familiar 
with the attributes DllImport, MarshalAs, 
StructLayout, and their enumerations to use 
P/Invoke effectively.

When a P/Invoke call is initiated to call an 
unmanaged function in the native DLL, the P/
Invoke service will perform the following steps:

Locate the DLL specified by the  1.	
DllImport attribute by searching either  
in the working directory or in the  
directories and sub-directories specified 
in the PATH variable, and then load  
the DLL into the memory.

Find the function declared as static 2.	
extern in the DLL loaded to memory.

Push the arguments on the stack by 3.	
performing marshalling and, if required, 
using the attributes MarshalAs and 
StructLayout.

Disable pre-emptive garbage collection.4.	

Transfer the control to the  5.	
unmanaged function.

Declare Static Extern Method with the DllImport Attribute
An unmanaged method must be declared as static extern with the DllImport attribute.  
This attribute defines the name of a native shared library (native DLL) where the unmanaged  
function is located. The attribute DllImport and function specifiers static extern specify the 
method that is used by the .NET Framework to create a function and to marshal data.

The DllImport attribute has parameters to specify correspondence rules between managed and 
native methods, such as CharSet (Unicode or Ansi), ExactSpelling (true or false), CallingConvention 
(cdecl or StdCall), EntryPoint.

In the simplest case, the managed code can directly call a method foo() as illustrated in Figure 2.

Marshalling for the Parameters and Return Values
The .NET Framework provides an interoperability marshaller to convert data between managed 
and unmanaged environments. When managed code calls a native method, parameters are 
passed on the call stack. These parameters represent data in both the CLR and native code. 
They have the managed type and the native type.

Some data types have identical data representations in both managed and unmanaged code. 
They are called isomorphic, or blittable, data types. They do not need special handling or conversion  
when passed between managed and unmanaged code. Basic data types of this kind are: float/
double, integer, and one-dimensional arrays of isomorphic types. These are common types  
in Intel IPP.

However, some types have different representations in managed and unmanaged code. These 
types are classified as non-isomorphic, or non-blittable, data types and require conversion, or 
marshalling. Table 1presents some non-isomorphic types commonly used in the .NET Framework.

In some cases, the default marshalling can be used. But not all parameters or return values 
can be marshalled with the default mechanism. In such cases, the default marshalling can 
be overridden with the appropriate marshalling information. Marshalling includes not only 
conversion of the data type, but other options such as the description of the data layout and 
direction of the parameter passing. There are some attributes for these purposes: MarshalAs, 
StructLayout, FieldOffset, InAttribute, and OutAttribute.

MarshalAsAttribute and Marshal class in the System.Runtime.InteropServices namespace can 
be used for marshalling non-isomorphic data between managed and unmanaged code. 
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When calling functions with 
the same set of parameters, 
you can use the dynamic 
method of function search 
and execution. 

Intel IPP Performance from C# 
Intel IPP functions are optimized for Intel® and compatible processors.  
This optimization can speed up performance of various applications.  
However, specific features of using these libraries in the .NET 
Framework can decrease performance of the application. 

Two possible reasons for a decrease in performance: 
Managed C# code calls unmanaged code through P/Invoke.  >>
Every P/Invoke call requires from eight to 27 CPU clocks.

When a function is called from a DLL for the first time, the  >>
corresponding DLL must be loaded into memory (e.g., using  
LoadLibrary() on Windows* OSs), which takes 1000 to 2000  
CPU clocks. More CPU clocks are needed to create the entry  
points for all functions that are exported by this DLL. 

Table 2 shows the performance overhead numbers for Intel IPP 
image processing functions. Because Intel IPP functions are several 
times faster at corresponding C# implementations, it still makes sense  
to call Intel IPP despite the overhead of a C# call. To decrease the 
overhead effect, developers can create a component- or application-
level interface in which one C# call leads to the execution of many  
IPP functions. 

An example of this approach is the .NET interface for DMIP. Also, we 
can compare the performance of the C# implementation and C# call 
of Intel IPP functions. For example, the C# .NET library Mirror costs 
5.7 CPU cycles per pixel; the Intel IPP-based C# call of Mirror function 
costs 1.7 cycles per pixel.

Conclusion
The managed-unmanaged code interoperability provided in the .NET 
Framework environment can be performed in different ways. The 
best way to call C functions residing in a native DLL is to use the P/
Invoke service, which is available in any managed language. P/Invoke 
provides a powerful and flexible interoperability with inherited codes. 
The DllImport attribute declares the external entry point. Marshalling 
attributes allow describing various options for the data conversion 
and data layout in addition to the default data marshalling. 

The use of SuppressUnmanagedCodeSecurityAttribute, InAttribute, 
and OutAttribute may significantly reduce the performance overhead. 
Automatic pinning of the objects passed prevents them from being 
garbage collected for the duration of the call. Manual pinning is also 
available if the pointer to the object is kept and used in native code 
after the call returns. A managed delegate type allows implementing 
callback functions.

References
To download an Intel IPP evaluation package, sample code, and other 
documents, visit http://software.intel.com/en-us/intel-ipp/. o

Intel IPP Components— 
Image Processing Sample
Intel IPP Samples include C# interface and a demo application 
illustrating how C# developers can build applications with Intel IPP 
calls. The demo application performs filtering and morphological and 
geometric operations. 

Additionally, the image compression functions are used in the 
demo to read and write JPEG files. The application uses the wrapper 
classes for the image processing (ippi.cs) and image compression 
(ippj.cs) domains. The application launches the P/Invoke mechanism 
for unmanaged code in ippi-6.1.dll and loads the dispatcher of the 
processor-specific libraries. This dispatcher loads the most efficient 
library for a given processor. For example, the library ippiv8-6.1.dll  
is loaded on a system with an Intel® Core™2 Duo processor, and  
the library ippiw7-6.1.dll is loaded on a system with an Intel®  
Pentium® 4 processor. 

Image ROI Processing
Special attention must be paid when working with the functions 
that require border pixels (e.g., image filtering functions). The Intel 
IPP functions operate only on pixels that are part of the image. 
Therefore, a region of interest (ROI) is implied to be inside the image 
in such a way that all neighborhood pixels necessary for processing 
the ROI edges actually exist. For example, for filtering functions, the 
width of the border outside the ROI must not be less than half of  
the filter kernel size with the centered anchor cell. 

When processing an image ROI, the developer has to perform two 
additional operations: shifting the pointer to the data and specifying 
the ROI size that is less than the image size. In Figure 9 the sample 
code illustrates how to work with ROI (using the example of the Intel 
IPP function ippiFilterBox that performs image blurring).

Runtime Function Invocation
The code example in Figure 9 shows how an Intel IPP function is 
launched via a direct call, and how static code is generated when the 
application is compiled. This method is rather simple and obvious.

When calling functions with the same set of parameters, you can 
use the dynamic method of function search and execution. This 
method is called reflection and can noticeably reduce the size of  
the executable code. 

Figure 10 shows the demo application, the reflection method is 
used to launch filtering and morphological functions from the menu. 
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The mission of Dr. Dobb’s Go Parallel is to assist  
developers in their efforts toward “Translating Multicore 
Power into Application Performance.” Robust and full of 
helpful information, the site is a valuable clearinghouse  
of multicore-related blogs, news, videos, feature stories, 
and other useful resources.

Check out a range of resources on a wide variety  
of software topics for a multitude of developer  
communities ranging from manageability to parallel 
programming to virtualization and visual computing.  
This content-rich collection includes Intel® Software 
Network TV, popular blogs, videos, tools, and downloads.

What if you could experiment with Intel’s advanced 
research and technology implementations that are still 
under development? And then what if your feedback 
helped influence a future product? It’s possible here.  
Test drive emerging tools, collaborate with peers,  
and share your thoughts via the What If blogs and 
support forums. 

The Intel® Software Evaluation Center  
makes 30-day evaluation versions of Intel® Software 
Development Products available for free download.  
For High Performance Computing Products, you can get 
free support during the evaluation period by creating  
an Intel® Premier Support account after requesting 
the evaluation license, or via Intel® Software Network 
Forums. For evaluating Intel® Parallel Studio, you  
can access free support through Intel® Software  
Network Forums ONLY. 

For its fall 2009 webinar series Intel invited Microsoft 
Visual Studio* C/C++ developers from a range of 
industry-leading companies to share the secrets behind 
their real-world successes using Intel® Parallel Studio.  
All webinars, including those from previous series, are 
available for immediate, on-demand download.

Resources AND Sites of Interest
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Amp up your app 
performance.

Steve’s tip to boost productivity: 
Build and debug a mixed C# and Fortran application using Intel® Visual 
Fortran. Turn on generated interface checking to find errors in your 
older Fortran code. Use C_F_POINTER and C_LOC to do a “type cast.”

Rock Your Code. 
Be a developer rock star with Intel® high-performance software tools. 
Visit www.intel.com/software/products/eval for a free evaluation.

http://www.intel.com/software/products/eval
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Unleash multicore platform performance.
Intel® compilers, libraries, and debugging and tuning tools provide everything 
you need to roll out reliable apps that scale for today’s multicore innovations. 
From super computers to laptops, and embedded systems to mobile devices, 
Intel® software tools enable you to optimize legacy serial and threaded code 
and plug in to multicore.

Become a developer rock star with Intel® Software Development Products.  
Visit www.intel.com/software/products/eval for free evaluations.

http://www.intel.com/software/products/eval



