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The continued unabated need for increased computing power by means other than increased 

clock speeds has forced a move to multicore processors. Instead of running a single processor 

twice as fast, two cores can theoretically provide twice the work. If two completely 

independent tasks are being performed, then this equation can be relied on. But if a single 

large task is to be decomposed in a way that allows many independent processors to do the 

work, it is very unlikely that the many cores will provide the same performance as one core 

running that many times faster. 

The benefit of taking a single sequential program and breaking it apart to run various pieces 

in parallel depends on whether these pieces rely on each other for completion. This is driven 

by dependencies within the program, and understanding such dependencies is critical to 

creating an effective parallel implementation that is functionally identical to the original 

sequential version. This whitepaper will describe the relationships and dependencies that 

exist, and will highlight them in the context of a new analysis tool called vfAnalyst that can 

be used to understand the behavior of a program. 

Introduction  

A typical sequential program will consist of elements that can be run independently of each 

other and elements that must be run in order. Amdahlôs Law states, more or less, that the 

amount of performance improvement that can be gained through parallel computation is 

effectively limited by those portions of the program that have to be run in order. For n 

processors, the only way to have the program run n times as fast is if it can be broken up into 

n mutually-independent chunks of equal length; this is almost never possible. That means that 

programs will have to be satisfied with something less than a speedup of n times. The design 

challenge becomes one of trying to maximize that speedup. 

In a given program, there are generally things whose performance is critical and things that 

are less critical. Getting the critical portions to run as quickly as possible involves ensuring 

that the non-critical parts are out of the way. All efforts at parallel computing rely on 

removing those dependencies that can be eliminated and working around the ones that 

remain. Understanding where all of those dependencies lie is nontrivial, and missing 

dependencies can result in a parallel version of a program that is functionally different from 

the sequential original. This has created the need for a tool that can identify and present the 

behaviors and dependencies of a program so that a correct, effective parallel implementation 

can be created. 

The vfAnalyst tool is intended to provide software writers with a clear, easy-to-interpret 

picture of how a program behaves, where the performance bottlenecks are, and, uniquely, 

which parts of the program depend on each other. This information can be used to reduce the 

number of dependencies in the program and also to create an effective parallel 
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implementation of the program. The scope of this paper is on understanding the 

characteristics highlighted by the vfAnalyst tool; the use of that information for creating 

parallel implementations will be covered in a separate paper. 

The programming language used to write the program in theory does not affect the analysis 

of the program, although, in theory, a perfect parallel language (which doesnôt exist) 

wouldnôt need an analysis tool; the dependencies would be obvious by inspection. ANSI C is 

very far from that ideal, and is the most commonly used language that benefits enormously 

from analysis, so this discussion will be placed in that context. But the concepts hold 

regardless of language, and vfAnalyst could be enhanced to handle other languages as well. 

Displaying the properties of a program 

Program behavior can be complex, and it can therefore be useful for that behavior to be 

depicted in a straightforward manner. While this whitepaper is intended to concentrate on the 

concepts underlying the graphic depictions, examples are also provided to correlate the 

concepts to their respective depictions in the vfAnalyst tool. In order for those examples to 

make sense, it is helpful to understand the high-level structure of the vfAnalyst display. 

The vfAnalyst display comprises several basic elements as indicated in Figure 1. Two of the 

most important are the 1-D profile (or simply the profile) and the 2-D profile. In addition, 

shown below are the dependency pane and a property pane. All of the concepts described 

below will be depicted in one (or more) of these elements. 

1-D Profile 2-D Profile

Property pane Dependency pane
 

Figure 1. The vfAnalyst display 
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Some terminology 

There are some closely-related terms that can cause some confusion. Itôs best to clear some of 

those up first. 

Multi -what? 

The disciplines associated with parallel programming can span such terms as ñparallel 

computing,ò ñmassively parallel computing,ò ñgrid computing,ò ñmultiprocessor,ò and 

ñmulticore,ò to name a few. All of these have specific implications: ñmulticoreò tends to 

mean multiple computing elements within a single chip; two chips, each with a single 

processor, has been called ñmultiprocessor.ò ñGrid computingò tends to involve multiple 

computer boxes interconnected by a network. But not everyone one uses the terms in this 

way. 

In general, these differences involve communication between actual computing cores and 

memory coherency. These are distinctions that are not important for the general topic of 

creating parallel versions of sequential programs; the techniques described here can apply to 

any of these parallel processing contexts. However, the actual timing of execution can vary 

widely depending on how the processors communicate and how their memories relate, so this 

canôt be ignored completely when deciding on an implementation. 

Tasks 

There are two fundamental kinds of component that can operate in parallel with each other: 

threads and processes. Threads are subordinate to a process and share a common memory 

space; processes are completely independent. A multicore program can be implemented as a 

single process with multiple threads, as a group of small single-thread processes in an 

asymmetric multiprocessing (AMP) environment, using inter-process communication (IPC) 

to share any necessary information, or as a combination of both. 

In this document and in the vfAnalyst display, the word task will be used to indicate a section 

of a program that is to be executed concurrently with other sections ï that is, a thread or 

process. The details involved in the distinction between a thread and a process will not matter 

for the bulk of the discussion. 

With the first release of vfAnalyst, only a single task will be supported. On a subsequent 

release, multiple tasks can be analyzed. 

What level of parallelism? 

When creating a parallel version of a program, the first obvious question is, at what level 

should opportunities for parallel execution be investigated? At the lowest level, instruction-

level parallelism can be exploited to reorder and parallelize low-level operations. However, 

this depends greatly on the architecture of the target processor and is something that 

compilers already focus on; itôs hard to add additional benefit. At the other extreme, if very 

large chunks of a program are examined, they will almost always be mutually dependent if 

the computing involves anything nontrivial. 
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A useful mid-point to use is the processor-memory boundary. While the processor itself and 

its registers are managed by the compiler, memory architecture is not explicitly considered by 

the compiler; this becomes a level where investigating relationships is useful.  

The two critical operations here are saving to memory and reading from memory: store and 

load operations. Variables kept in processor registers will be managed by the compiler, but as 

soon as they are stored into or loaded from memory, we have an opportunity to manage the 

dependencies that arise from these operations.  

This concept can be extended further to include peripherals (which are often memory-

mapped): any time a variable leaves the scope of the processor (and compiler), it becomes an 

item of interest in our analysis. The use of stores and loads as well as other peripherals will 

be explored in detail below. 

The other question that arises is how large a chunk of code can be analyzed. It is very 

common to study the behavior of programs at the function level. But much of the hard 

computing work, especially in embedded systems, is accomplished through the use of loops. 

These are of critical interest when determining how to parallelize a program, so vfAnalyst 

identifies not only functions, but also loops. vfAnalyst also recognizes intrinsics, which are 

discussed below.  

The 1-D profile section of the vfAnalyst display provides a hierarchy that represents the 

structure of a program, and the lowest-level units that can be represented there are functions, 

loops, and intrinsics. Because these elements share common traits within vfAnalyst, the name 

invocation will be used here to refer to any of them.  

This provides an execution hierarchy: the task, which will run as independently as possible of 

other tasks, and is always the top level of the hierarchy; the functions within a task, being the 

second level; and any functions, loops or intrinsics that may exist within each other, making 

up further levels of hierarchy. vfAnalyst displays each of these elements in a distinct way, as 

will be described below. 

Static and Dynamic analysis 

Much of the behavior of a program can be learned simply by analyzing the code. This is 

referred to as static analysis. However, this can miss critical behaviors, especially regarding 

how pointers and other real-time memory-related operations behave. Understanding these 

behaviors requires dynamic analysis ï that is, watching what happens while a program 

executes on a specific set of data. vfAnalyst performs both static and dynamic analysis using 

test data that you provide. 

Test coverage 

During dynamic analysis, vfAnalyst logs the behavior of the program, noting and recognizing 

various activity patterns, and deriving from those various dependencies and relationships. For 

this reason, it is important that as complete a dataset as possible be used as input to the 

program so that all possible code branches are taken and all possibilities are covered. To help 

you understand how complete your dataset is, each invocation is given a test coverage score 
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that indicates how many of the lines of code are tested by the data being executed. 

Invocations with low coverage are highlighted. 

It is important to remember that the analysis that Vector Fabricsô tools provide will only be 

as accurate as your test set allows. The tools will rely on you to ensure that theyôre getting a 

full picture of operation. Using a simplistic example, if your program behaves differently 

depending on whether a key value is odd or even, and if the test set only happens to exercise 

the odd numbers, then the resulting analysis will only reflect the effects of odd numbers. If 

you see analysis results like this that seem counter-intuitive, you should review your test 

coverage to ensure that the tools really have a complete picture.  

The flip-side of this is that, if you are reassured that your test set is good, the tools can 

identify real patterns and characteristics that you never realized existed, allowing you to 

exploit them in a fashion that would have been impossible without the tools. 

Compute load and delay 

The concept of ñtimeò is challenging to represent generically. Wall clock time elapsed during 

execution depends entirely on the system doing the computing. But the job of parallelizing 

the program needs to be done in a manner that doesnôt specifically rely on a processor clock 

speed. Therefore the vfAnalyst concept of ñtimeò is relative.  

There are two ways of looking at this. One is the compute load, which represents the total 

amount of work done by a particular function or other entity. The other way is to specify the 

delay of a part of the program relative to the whole program. In vfAnalyst this is referred to 

simply as the delay, but it is actually the percentage delay, where main() has, by definition, a 

delay of100. 

While compute load and delay are related, there is a critical distinction. Letôs say that one 

function alpha() calls two other functions beta() and gamma(). Beta() and gamma() each do 

some amount of work, and the amount of work that alpha() does is the sum of the work done 

by beta() and gamma() (plus whatever other code is inside alpha()). The amount of work that 

alpha() does is the same whether beta() and gamma() run one after the other or run in 

parallel. 

The delay, on the other hand, is not the same. If gamma() runs after beta(), then alpha() will 

take longer to execute than if beta() and gamma() can be made to run at the same time. The 

compute load is invariant, but the delay is impacted. 

The vfAnalyst display shows the amount of work done by a function as delay (i.e., percent 

delay) so that the effects of parallelization can be seen. The actual amount of time it takes to 

complete this work will depend on other variables like processor clock speed and memory 

access speed..  

Itôs also important to bear in mind that vfAnalyst is system-agnostic: it has no awareness of 

the computing platform, and so the delays are estimates. It focuses only on the intrinsic 

concurrency of the program based on its structure. This is the critical first step in 
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understanding how a program can be parallelized as well as for identifying any structural 

elements of the program that get in the way of parallelization. vfSoftware (and some other 

future tools) will add system-awareness to include those effects in a more accurate 

determination of delay. 

It is possible to confuse the compute load with a measure of the relative number of lines of 

code in a portion of the program. This is not the case; the compute load reflects actual 

execution. 

Figure 2 shows how vfAnalyst depicts the hierarchy of tasks and invocations in the 1-D 

profile, along with their delays and coverage. The delay is accompanied by an appropriately-

sized gray bar for visual reinforcement. You can filter out extremely low-load invocations to 

remove clutter and focus only on high-load invocations. Test coverage numbers that are low 

are indicated by different number colors. 

Moderate

 coverage

Percent delayTest coverage

 

Figure 2. Compute load and test coverage in the 1-D profile  

Because the 1-D profile shows actual execution (not file or class structure), a given function 

may occur in more than one place if it is called in different parts of the program. The delay in 

each such instance will reflect the delay in that context only; the delay of each contributor to 

a higher level of hierarchy will sum to that higher level (with some possible round-off error). 

However, the test coverage for each instance will reflect the cumulative coverage for all 

instances, and will show the same coverage number for each instance, as shown above, even 

though each instance may individually contribute a different amount to the overall coverage. 

Loop Properties 

The information for a given invocation, is also available in a separate properties pane, as 

shown in Figure 3. 
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Average for

all encounters

Clickable location

of loop code

 

Figure 3. Loop properties 

The properties pane includes additional information about the invocation, which, in this case, 

is a loop. Some of the information is repeated from the 1-D profile, but you have additional 

information about the iteration count (which is an average of all encounters, and so might be 

fractional), induction expression, and location of the loop in the source code. 

The iteration count as shown is the average number of times the loop actually iterates overall. 

The count may be fractional if there are loops that donôt have a constant loop exit condition 

since they may iterate a different number of times for different loop runs. 

The source locations reflect the file and line numbers, but are actually clickable to take you to 

the portion of the source code where the loop is defined. 

Induction expressions are discussed below in the context of loop-carry dependencies. 

Invocations and branches 

This section describes how the various invocations are represented within vfAnalyst, along 

with some other constructs that vfAnalyst can identify. 

Functions 

Functions are indicated as shown in Figure 4. The horizontal width of the function indicates 

the total delay of the function, which includes the delays of all functions called by the 

function, all iterations of all loops within the function, and any recursion within the function. 

For this and most of the elements being illustrated below, the icon in the upper left corner of 

the rectangle is key to identifying what is being represented. For functions, the fx is the 

indicative icon. 

 

Figure 4. A function 
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Recursion is indicated as shown in Figure 5. The white bounding box indicates the delay 

contributed by all instances of recursion. 

 

Figure 5. A function with recursion 

Loops 

Loops are indicated as shown in Figure 6, with a loop graphic being the identifying icon. The 

horizontal width of the loop indicates the accumulated delay of all iterations of the loop. 

However, the positions of various events within the loop are placed on the box in proportion 

to the event in a single iteration. Because loops arenôt named in C programs, vfAnalyst gives 

each loop a name; in the figure, the loop has been named Loop_203. 

 

Figure 6. A loop 

Nesting 

Because loops can contain functions and more loops, and because functions can also contain 

loops and more functions, vfAnalyst uses a 3D effect to indicate these nesting relationships. 

For example, Figure 7 shows a function main() that contains two sub-functions init() and 

convolution().. Function init() contains loop Loop_3 and function convolution() contains loop 

Loop_5.  

 

Figure 7. Function and loop nesting 
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The 2-D profile provides an easy way to see the nesting of elements of the program and their 

relative contributions to compute load. If a more precise horizontal alignment of events is 

needed, however, a special linear view can be used to project all of the elements onto one 

dimension, as shown in Figure 8. This shows the proportional timing as main() starts, and 

then sub-function init() starts, indicated by the small gap and followed immediately by loop 

Loop_3 starting up. AfterLoop_3, there is a small gap where init() finishes and another where 

function convolution() commences. Loop_5 then carries on as Loop_3 did, etc. 

 

Figure 8. Linear  view for aligning events in time 

Parallel invocations 

If multiple invocations have been parallelized, they will be displayed as being ñcontainedò 

within a parallel invocation. This structure will be shown in the 1D profile as part of the 

hierarchy, with the parallelized invocations being ñchildrenò of the parallel container. This is 

shown in Figure 9, with the longest of the parallel loops (loop_696) highlighted. 

 

Figure 9. Parallel invocation in the 1D profile 

The parallel structure will also be shown in the 2D profile, but in order to avoid clutter, only 

the longest of the contained parallel invocations is shown by default. The width of the parallel 

container will be the same as the length of the longest of the parallelized invocations. Figure 

10 shows the prior example as it would appear in the 2D profile. 

 

Figure 10. Default view of a parallel invocation in the 2D profile 


