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Overview  

Aim 
When software engineers wish to start optimizing their code, how do they know where to 
start? How does a developer know which functions are taking the most amount of time to 
execute? And how effective are the test cases in Quality Assurance? RealView Profiler 
from ARM provides statistical information of an application’s performance and makes it 
easy to identify areas for improvement. This workshop will provide hands-on experience 
in using RealView Profiler to analyze the performance of an application and review the 
success of attempts at software optimization. 
 
The Workshop is split into three sessions: 
 

Session 1 – Tour of  RealView Profiler. 
Session 2 – Code Optimization with RealView Compilation Tools and RealView Profiler 
Session 3 – Optimize Source Code.                       

Introduction 

Benefits of code optimization 
Increasingly competitive market conditions in the technology industry mean that bringing 
products to market faster and with more complex systems is the key to being successful. 
The challenge of offering faster, yet more feature-rich products in a shorter timeframe is 
something all companies face. So the problem arises around offering more and more 
complicated and powerful products on a very tight schedule while still maintaining high 
quality. 
 
One of the many processes that can help achieve this is the code optimization phase of the 
software development cycle. The ability to optimize software by even only 5% can 
provide enough system bandwidth for another feature to be added to the product, 
therefore allowing the product to be even more competitive. To determine where in the 
software to begin optimizations, a developer will need to know performance statistics 
such as which functions are taking the most amount of time to execute and which 
instructions are requiring the highest number of memory accesses. 

Identifying areas for performance improvement 
So how does one go about identifying the bottlenecks in the code? Quite often the 
engineering department is unable to make time in the development cycle for performance 
tuning until the project is feature complete and integrated, and because this is usually 
such a high pressure and stressful time, finding that performance is not what it needs to be 
can be an unfortunate surprise. Additionally, once an engineer does get time to find 
performance bottlenecks, where do they start? How easy is it for them to investigate the 
trade-offs between code density in their application versus performance? Relying on 
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guesswork when doing these reviews can be expensive and time consuming, not to 
mention inaccurate.  
 
RealView Profiler graphically highlights where the bottlenecks in system behaviour are, 
based on running the software as an end-user might. The Profiler also shows exactly how 
these bottlenecks relate back to source code so that appropriate changes can be made to 
either compiler optimizations or to the source code. Information about the performance of 
the application includes the amount of time spent in functions, including statistics 
involving relationships between functions, as well as memory accesses, delays, and code 
coverage.   
 

Pre-requisites 
This guide assumes the user has access to a PC workstation with the following tools 
installed: 
 

RealView Development Suite 3.1  
RealView Profiler  

Additional information 
Detailed information regarding specific operations of RealView Profiler and RealView 
Compilation Toos as well as the Eclipse IDE is available through the online Help from 
the Menu bar. 
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Icon conventions 
 
Various icons are used throughout the tutorial to clarify the purpose of text associated 
with them.  Icons either signify the presence of information on a particular topic, or the 
requirement for user interaction. 
 
 
The following icons all indicate that user interaction is required: 
 
  Indicates that keyboard or mouse input is required on the host PC 
 
 
  Application icon.  Suggests an application to be used to perform a 
  given operation.  This example shows Microsoft® Notepad 
 
  Button icon.  This indicates that a corresponding button within the   
  current application can be used to perform the operation currently   
  being discussed 
 
The following icons show information: 
 
  Identifies a question or a point of discussion. 
 
 
  Identifies a user friendly hint or tip. 
 
 
  Highlights important information regarding the current topic. 
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Session 1 – Exploring RealView Profiler 

1.1 Starting the Profiler 
 

  To start the Profiler launch Eclipse   
 

 
Eclipse opens the default workspace and displays the details of the Xvid 
project including the source files and image xvid_1176EB.axf. The 
project opens in the RealView Profiler perspective which has been set as 
the default.  

1.2 Generating profiling data 
 

  In the Navigator pane to the left select xvid_1176EB.axf and right click  
   Run As �  Run On ARM1176 EB RTSM. 

�

�



Profiler Workbook version 1.4 © ARM 2008 

7 

 
The RTSM (Real Time System Model) of the ARM 1176 starts up.  
The video plays for a few frames and the report file  
1_xvid_1176EB_001.rpa is generated. 
 

 
 

 
�
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1.3 Summary View 
 

  Select the 1_xvid_1176EB_001.rpa tab and double-click. 
  This should maximize this view – The Summary View.  
   (To minimize double-click the tab again). 

�

�
�

The summary view is the starting point for viewing the statistics that were 
collected. In this view, you can see hotspots in your application including 
the top five functions by how much time was spent in them, top five 
functions by delay, such as where interlocks caused a stall, and top five 
functions by the number of memory accesses based on memory reads and 
writes. These are displayed as percentages, and by hovering the cursor over 
any of the items, you can see the actual totals as well. There are also pie 
charts that are displaying code coverage by function and by instruction. 

 
Note:  These results were produced on a relatively slow 1.7GHz single 
core machine. The workshop laptops are 2.0GHz dual core machines so 
you should see much better results. 
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1.3.1 Information 
 �

�
�

As you can see at the top, there is information about the specific analysis 
file including time and date that the profiling data was collected, the path 
of the image that was profiled, the number of instructions that were 
executed, how many instructions executed per second, and the number of 
samples or cycles were measured. Note that the estimated cycles are static 
and assume perfect memory without cache, which is not currently modeled 
in the RTSM.�
 
From within this summary view, you can navigate to more detailed reports 
including Function Reports, File Reports, Code View, and Call Chain.. 

1.4  Code View 
The code window has quite a few useful features that should make the identification of 
areas for optimization easier.  
 
 

  Select the first function yv12_to_rgb555c  in the Top 5 Functions  
   by Self Time chart. Right click and select Select in Code View in the  
   dropdown list. 
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The screen is separated by default into a source view at the top and a 
disassembly view at the bottom.  There is a dropdown list where you can 
change the view to show only Source or only Disassembly.  

 

 
 
When you click on a line of code in the source view, the area of disassembly associated 
with that line of source is highlighted in the bottom half of the window using window 
tracking. Alternately, you can highlight areas in the disassembly to see the associated 
areas of the source.  
 
Both sections contain a column called Time which tells the user how many times the 
sampling contained that line of code. A good place for a software developer to begin 
optimizations might be those instructions or parts of a function that have the highest 
amount of time spent in them. When you highlight a group of lines of source code or 
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instructions, the total time spent executing these instructions is displayed at the bottom of 
the window. 
 

  Select Source Only, view the yv12_rgb555c function and highlight the  
   group of instructions with high numbers in the Time column. 

 

 
 

You can see that more than 50% of the total execution time was spent 
within this code block. This would clearly be a good area to begin your 
optimizations. 
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1.4.1 Code Coverage 
Code coverage is an important metric for Quality Assurance. The code coverage feedback 
in RealView Profiler will indicate whether test cases are adequately exercising the 
application. The green squares indicate that the specific line of code was fully executed. 
An orange triangle indicates that not all of the branches possible in that function were 
executed. A red circle indicates that nothing on that line was executed. 
 

   Select the 1_xvid_1176EB_001.rpa tab. Select the first function  
   yv12_to_rgb555c  in the Top 5 Functions by Self Time chart. Right click 
   and select Select in Function Report in the dropdown list. 

 

 
 

You can see that the yv12_to_rgb555_c  function does not have 100% 
Coverage. It has a orange triangle in the Coverage column which indicates 
that not all the code was executed in this function. 

 

   Scroll down to line 1,682 in the Code View and  
   click on this line of source ‘if (vflip)’ . If you had previously selected  

‘Source Only’ or ‘Disassembly Only’ in the dropdown list, you might wish  
to select ‘Source & Disassembly’ at this time 
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By looking at the instructions associated with the conditional branch at 
line 1,682, we can see that the BEQ statement (meaning Branch when 
Equal) is always taken, therefore the instructions for that branch, not 
having been taken (between the arrows in the disassembly), were never 
executed.  

1.4.2 CPI (Cycles Per Instruction) 
In order to look at Cycles Per Instruction in detail, data collected from real hardware is 
more appropriate than data collected from the model, especially if we need to consider 
how memory accesses may be affecting performance. We will explore an analysis file 
which was generated from a Integrator CP development board with the ARM1136 CT 
using the RealView Trace 2. 
 

   In the Navigator window double-click on xvid_ARM1176CP_hw.rpa to 
   open the Summary view.    
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   Double-click on  the function yv12_to_rgb555c to open the Code view. 
 

 

 
 

If the project was not built on the machine you are viewing the profile data 
on, and the file paths are not the same, then the Profiler will give you a 
message saying ‘Unable to locate ‘colorspace.c’ and you will be shown a 
link to locate the source file. If this occurs at this moment, click the link 
and browse to ‘c:/workspace/1_xvid/src/lib/xvid/image/colorspace.c’ 

 
Review the disassembly window for yv12_to_rgb555c  and the CPI (Cycles Per 
Instruction column). You might need to scroll down in the Disassembly pane to view the 
highlighted items in the CPI column. This column gives the average number of cycles 
required to perform the associated instruction. Some of the numbers are highlighted, 
which indicates that the Profiler feels that this instruction took more cycles to execute 
than it should have.  
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   Click on line 1688 in the source window, then scroll down in  
   The disassembly window to the STR instruction(0x1c040). The CPI is 50 
   compared with just 2 CPI for the same instruction on the RTSM.  

 

 
 

This delay was due to the latency introduced by access to external 
memory.  

1.4.3 Branches 
The Branches column shows loops called within the code as it was executed on the target. 
An arrow in (left to right) shows where a function was entered, and an arrow out (right to 
left) shows where the function was exited. The triangles in the Branches column show 
where branches internal to the function occurred.  
 

   In the disassembly view of yv12_to_rgb555c  hover the cursor over the  
   left to right arrow  (0x1bdb0). The function(s) that called 

yv12_to_rgb555c   is displayed. 

 

 
 

   In the disassembly view of yv12_to_rgb555c  hover the cursor over the 
   corresponding right to left arrow  where the function exits.  
   The call destinations are displayed. 
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1.4.4 Interlocks 
The Interlock column indicates where stalls have occurred. This information can help a 
developer familiar with register usage to optimize code based on delays.  
 

   Highlight line 1682 ‘if (vflip)’  in the source view within  
   yv12_to_rgb555c. 
   Scroll down in the Disassembly view to show the interlocks in the source. 

 

 
 

In the interlock column, there will be a dot indicating where a stall has 
taken place. Notice the interlock at the LDR instruction. 

 

   Hover the cursor over the dot indicator, you can see the registers involved 
   in the stall are highlighted  
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It appears that the 2nd LDR instruction involving r11 is being stalled by the 
3rd LDR instruction.  

1.5 Function Report 
The Function Report shows where the application spent most of its time. From within the 
Functions Report, a user can sort the columns based on a variety of measurements. 
 

   Click on the 1_xvid_1176CP_001.rpa to select the report from the RTSM  
   run and Select Function Report in the Navigation pane. 

 

 
 

 
 

   Hover the cursor over the column headers in each column – the tooltips  
   describe the measurements in each column.  

 
These measurements include statistics such as how much time was spent 
executing that function (Self Time), how much time was spent executing 
that function and its child functions (Total Time), the delays that the 
function experienced based on issues such as waiting for memory or stalls 
associated with interlocks (Delay), the number of times that function was 
called by other functions (Callers), and information on the memory 
accesses by that function.   

 
The information in most of these views can be exported to a text file which 
can quickly be imported into Excel for creating custom graphs and reports 

.  
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Any of these functions can be navigated to in another view by right 
clicking on them. 

1.5.1 Editing Source Files  
 

   Right-click on the ‘yv12_to_rgb555c’ function and select Edit Source. 
  

 

 
 

 
 

Once the code has been modified, the project can be rebuilt and the 
profiler run again.   
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   Close the ‘colorspace.c’ page to return to the Function Report. 
  

 

1.6 Call Graph Window 
The call graph provides you with a visual representation of your code hierarchy, laying 
out each function according to where it's called and using arrows to connect calling 
functions. 
 

   Right-click on the ‘yv12_to_rgb555c’ function and choose  
   Select in Call Graph. 
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   To show the code coverage information select Colorize by Coverage in the  
   dropdown list. 

 

 
 

   Move the cursor over the mini-map in the right hand corner. Right click  
   and select ‘Show Uncalled Functions’. In the mini-map, move 
   the square to the red portion to display functions that were not called . 
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In this way, the tester or developer can get an idea of what additional test 
cases might need to be created to ensure greater coverage of code.  

 

1.7 Call Summary and Call Chain 
In addition to exploring relationships between functions within the call chain, a developer 
can use the Call Summary and Call Chain views to narrow down the amount of 
relationship information being viewed.  
 

   In the Outline pane select ‘malloc’. When the ‘malloc’ function is 
highlighted in the call chain, right-click the malloc and choose  

   Select in Call Summary. 

 
To find malloc in the Outline pane just select any function and type ‘m’. 
This will immediately take you to the functions starting with ‘m’. 
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In this Call Summary view, you can view the immediate parents and children of a 
function as well as statistics on how many times the various functions were called. In this 
example, we can investigate how many times a function that has called ‘malloc’ has 
ended up in __Heap_Full.  
 

   Click on the [-] button in ‘__rt_heap_descriptor’ to uninclude all  
   measurements that end in that function and then click [+] on 

‘__Heap_Full’ to 
   include only the statistics for callers that end up in that function. 
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By removing measurements regarding the functions that have called 
‘__rt_heap_descriptor’ and only including measurements for those functions that have 
ended up in ‘__Heap_Full’, a developer can explore areas for using memory handling 
more efficiently. 
 

   To view the entire hierarchy including parent and children of ‘malloc’,  
   right-click on the function and choose Select in Call Chain. 

 

 
.  
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The call chain view also lets you explore relationships between functions. This expands 
to display every instance of the function that you are interested in 
 

The information in most of these views can be exported to a text file which 
can quickly be imported into Excel for creating custom graphs and reports 
by clicking on the  button. 

1.8 Comparing results 
Finally, when you wish to compare results of two profile sessions, you can open both 
analysis files and explore the results side-by-side. 
 

   Right-click on the tabs at the top of the window and click  
   Close All. 
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   Open the xvid_1176CP_hw.rpa and the 1_xvid_1176EB_001.rpa files.  
   Click on the tab for one of them and drag it to either the right or left side  
   of the window, until the cursor turns into a black arrow, then let go. 

 

 
 
When the analysis views are displayed side-by-side, you can explore the detail views for 
each of those profile sessions and compare the results of your optimizations. 
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   Click on Function Report for each of the analysis files.  
   Select ALL functions (Ctrl A) in each report to compare both runs. 

 

 
 

   Reset the Perspective back to the default setting. Close all the windows  
   leaving just the 1_xvid_1176EB_001.rpa and Function Report views ready 

for the next session. 

 

 
 

This ends the tour of the Profiler. In the next session we look at the effect of compiler 
optimization settings on code size and performance.  
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Session 2 Compiler Optimization 

The process of optimizing software can occur either on the compiler level or by editing 
the source code. In this section, we will use settings in the RealView Compilation Tools 
to attempt to improve the performance of our code, and the success of those optimizations 
will be measured using the RealView Profiler. 
The video decoder project Xvid has been compiled using the default settings, -Ospace and 
–O2. For the purposes of this workshop, this project has been limited to run for only 100 
frames. In this way, we can set a benchmark for optimizations across several consistent 
application runs.  
Let’s review the previous session results. 
 

   Double click the 1_xvid_1176EB_001.rpa tab. 
 

 

 
 

As you can see in the profiling summary page, the project built with 
default compilation settings has taken 3,726,575,680 estimated cycles to 
execute. 
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   Next, determine the total size of instructions in bytes and the number of 
reads and writes. Open the Function Report and select all the functions 

(Ctrl A).   

 

 
 

At the bottom of the Functions pane notice the statistical totals for   
instruction size at 299,244 Bytes, memory reads at ~1.5 billion and 
memory writes at ~603 million.  

 
We will now open the next project for this session 2_xvid comparing results against 
1_xvid (leave this project open). 
 

   Collapse the sources view   in the Navigator pane for the  
   1_xvid project.  
   Select File->Import-> Existing Projects into Workspace and browse  
   to the directory C:\workspace\2_xvid.  Select OK then Finish. 
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2.1 Compile application for time – Globally 
 
The compiler (ARMCC) default options are: 

{-O2, -Ospace, --arm, --cpu ARM7TDMI} 
We will now improve the performance of the application by selecting the following 
compiler options:   

{-O3, -Otime, --arm, --cpu ARM1176JZ-S}  
 

   Select the 2_xvid project, Right-click select  Properties �   C/C++ Build. 
   In Target for both the ARM RealView Compiler and ARM RealView 
   Assembler menu select ARM1176JZ-S in the  Architecture list. 
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  In Debug /Opt  under ARM RealView Compiler select Optimize for: Time 
and Optimization Level: Maximum Optimization , restricted debug (3). 

 

 
 

  Click OK to save the changes, then rebuild the application by right-
clicking on the 2_xvid project folder and selecting Build Project.  

 
This will take a couple of minutes as most of the build time is spent in the 
linker step building the statically linked video clip into the image 

 

   Rerun the application in order to generate a new report file. 
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The video plays for a few frames and the report file 2_xvid_1176EB_001.rpa is 
generated. 
 

 
 

   Open the 1_xvid_1176EB_001.rpa and the 2_xvid_1176EB_001.rpa files.  
   Click on the tab for one of them and drag it to either the right or left side 
   of the window, until the cursor turns into a black arrow, then let go. 
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   Select the Function report for each run.  
   Then select all using Ctrl A to select all functions. 
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As you can see by comparing the analysis files side by side, making the  
changes to the optimization settings in the compiler {-O3, -Otime, --arm, -
-cpu ARM1176JZ-S} resulted in lower cycles (3.3 billion cycles) but the 
size is larger (336 KB). This is a considerable improvement in 
performance, however the size of the application has now increased 
(compare instruction sizes).  

 

 
Figure 1 Optimization for Time. 
 

 Close all of the files. 
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2.2 Compile the whole application for Thumb.  
 

   Import the 3_xvid project into the workspace.   
    

 

 
 

As we saw in the last exercise, compiling the entire application for time caused a 12% 
increase in codesize. Now let’s try compiling the whole application for Thumb state 
thereby saving on space using the following compiler options {--thumb –O3, -Otime,  --
cpu ARM1176JZ-S } 

 

Using the same steps as before, import the 3_xvid project. 
Change the compiler settings again by right-clicking on the project,  
selecting Properties �   C/C++ Build �  Tool Settings. Change the   
Initial State to Thumb. 

 

  
 
 

   Check that the assembler builds with interworking support. Select OK. 
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   Select Apply the file and rebuild the application by right-clicking on the  
project directory and selecting Build Project . 

 

 

   Rerun the application in order to generate a new report file. 
 

 
If the application does not run successfully, verify that the target has been  
set to ARM1176JZ-S rather than ARM1176JZF-S  

 

 
 

The video plays for a few frames and the report file 3_xvid_1176CP_001.rpa is 
generated. 
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   Compare the 3_xvid_1176CP_001.rpa and the 1_xvid_1176CP_001.rpa 
   files and the associated function report files as in the previous exercise. 
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Figure 2 Optimization using Thumb. 
 

The code size is much better (213 KB),  
but we have lost 37% in performance (5.18 Billion cycles) 

 

   Close all of the files. 
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2.3 Compile specific functions for performance and the 
remainder for space. 
 
In this section we will set the compiler optimizations for the top 10 functions to optimize 
for time by changing their compiler settings to -arm,  –O3, and –Otime. 
The remaining code will remain as it is, optimized for space using the settings ‘–thumb’, 
‘O3’, and ‘– Ospace’. 
An alternative approach is to do this on a file by file basis i.e,  

armcc –arm –O3 –Otime test2.c        // hot code 
armcc --thumb –O3 –Ospace test1.c // cold code 

 

   Import the 4_xvid project into the workspace. 
 

 

   Use the Functions report to determine the top 10 most executed functions  
   and edit the appropriate source files. You need to add the appropriate 
   #Pragma commands to selectively apply the ‘–Otime’ and ‘arm’  

optimization settings to the compiler. Insert the pragma commands with   
#pragma push  to the start of function and #pragma pop  at the end as  
demonstrated below.  

 
#pragma  push 
#pragma  arm 
#pragma  Otime 
 
void  yv12_to_rgb555_c (uint8_t * x_ptr, int  x_stride, uint8_t * y_ptr, 
    uint8_t * u_ptr, uint8_t * v_ptr, int  y_stride, 
... 
...  
      v_ptr += uv_dif ; 
   } 
} 
#pragma  pop 
 

   Save each file after editing and rebuild the application by right-clicking on  
the project directory and selecting Build Project 

 

   Rerun the application in order to generate a new report file  
   4_xvid_1176CP_001.rpa. 
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   Compare 1_xvid_1176CP_001.rpa and 4_xvid_1176CP_001.rpa  
   report files.  

 

 
Figure 3 Optimization for Time and Space. 
 

You should see a considerable improvement in performance again but also 
improvement in code size in comparison to the non optimized version we 
started with. 

 

   Close all of the files 
 

 
To make further improvements in optimization we need to make changes to the source 
code. 
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Session 3  Editing source code for optimization  
 
The most comprehensive method of optimizing the application is to modify the source 
code. When determining whether an entire function needs to be rewritten or only a few 
lines of code, information about how much time is spent in each line of code can be 
particularly useful. Using the call chain view in RealView Profiler, you can identify 
children and parent functions that are taking the most time to execute which will help to 
make the optimization attempts more efficient.  
 
Analysing the performance on a line-by-line basis in the code view will indicate where 
only a few lines of code can be changed for the best results rather than needing to rewrite 
an entire function.  

3.1 Using Intrinsics. 
If the Profiler indicates that certain values are being called or calculated a large number of 
times, the developer might take that as an indication that using a pre-fetch intrinsic, 
available in RealView Compiler, to load that value into the L1 cache for frequent access 
might improve related performance. Most of the time running the sample application 
being used in this workshop is spent in the colorspace conversion, so let’s quickly look at 
the basic operation of application. 

3.1.1 The Xvid – MPEG-4 Video Codec 
The application example we are using in the workshop is an MPEG4 Advanced Simple 
Profile video codec. It has been released under GPLv2 from http://www.xvid.org 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 MPEG4 video encoding 
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Video frames stored in the input video frame memory are read into the encoder in a 
partition of 16x16 macroblocks. The macroblock is converted from RGB format into 
YCbCr (similar to YUV format) before being converted into the frequency domain in the 
Discrete Cosine Transformer (DCT). The quantized DCT coefficients will be re-ordered, 
run-length coded, entropy coded (VLE), and finally outputs as the encoded bit stream. 
Decoding is the reverse of this process. Most of the optimization steps we will be 
centered on the color space conversion process. 
 
For further detail on the MPEG4 encode/decode process refer to the appendix.    
 

   Import the 5_xvid project into the workspace. 
 

 

   In the 5_xvid_1176EB_001.rpa report select the code view of the top  
   function by self time, yv12_to_rgb555_c.   

 

 
 

You will notice that most of the time is being spent in the color space conversion 
algorithm. It is necessary to prevent overflowing results caused by saturation of RGB 
color values.  Here you can see that the prevention of a saturation* is performed using 21 
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lines of code. It requires about 309 million cycles to execute. There is an average CPI of 
53 cycles required to execute 36 instructions.  

 
·  Saturation arithmetic is a version of arithmetic in which all operations such as addition and 

multiplication are limited to a fixed range between a minimum and maximum value. If the result of 
an operation is greater than the maximum it is set ("clamped") to the maximum, while if it is below 
the minimum it is clamped to the minimum.  

 
In the colorize function above you will notice the following lines of code: 
 

0>(((255) < (r[0]) ? (255) : (r[0]))) ? 0 : (((255)  < (r[0]) 
? (255) : (r[0]))) 
 

This code is equivalent to:  
 

  if (r[0] < 0) 
    result = 0;  
  else if (r[0] > 255))  
    result = 255; 
  else  
    result = r[0]; 
 

However the same goal can be achieved without needing to load the values onto the stack 
for calculation by using the compiler intrinstic usat in the following way: 
 

r[0] = __usat(r[0], 8) 
 

Using this saturation intrinsic , we can bring those numbers down by having the 
compiler do the work for us. First, let’s comment out the lines of code that we wish to 
replace. 
 

   Right-click on the disassembly view for that function and choose ‘Edit  
   Source’. Comment out the yv12_to_rgb555_c  function.  
   In Eclipse, this can be done by highlighting the entire function, then right- 

clicking on the highlighted selection and choosing Comment. 
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Next, we will add code written to take advantage of the intrinsics available for saturated 
integers. 
 

   Scroll down and uncomment the usat version of the same function. 
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   Save each file after editing and rebuild the application by right-clicking on  
the project directory and selecting Build Project 

 

   Rerun the application in order to generate a new report file. 
   Open the Code view at the yv12_to_rgb555_c  function and browse to the  

location in the code containing the __usat  intrinsics. 

 

 
 

Compare this code block with the previous run without the  __usat  
intrinsic. You should observe that by taking advantage of the intrinsics, we 
have reduced the numbers of cycles to about 157 million cycles, and the 
average CPI has been reduced to 27 cycles for 23 instructions.  



Profiler Workbook version 1.4 © ARM 2008 

45 

3.3 C99 extensions - Independent pointers through r estrict. 
 
The compiler supports the C99 ISO language standard including the keyword restrict, 
which enables you to declare that pointers point to non-overlapping regions of memory. 
This enables the compiler to produce a more optimized  instructions sequence by 
reducing the need to reload values from memory, this will improve performance. 
Consider the following colorspace conversion algorithm:  
 

 
Figure 5 Colorspace conversion. 
 

�  Note the fact that the pointers are independent 
�  y_ptr, u_ptr and v_ptr are source incoming bitstream, which are being read 

from memory 
�  x_ptr is the resulting RGB outgoing bitstream, which is written into 

memory 
 
 

   Make the following edits to colorspace.c  which will add the restrict   
keyword.  

 

 
 

   Save each file after editing and rebuild the application by right-clicking on  
the project directory and selecting Build Project 
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 Rerun the application in order to generate a new report file. 
 

 
You should see the following overall improvement in performance after applying this last 
optimization. 
 

 
Figure 6 Final Optimization 
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3.2 Additional exercises - Other opportunities for source code 
optimization 

3.2.1 Loop unrolling. 
When much of the time spent in a specific function is actually being taken by a single 
loop, one can save significant time by focusing only on that loop and leaving the rest of 
the function alone. 
 
Additionally small loops in code prevent the compiler from rescheduling unrelated 
functions into unused registers. Where a small loop occurs which also consumes a large 
number of cycles it is often worth considering unrolling the loop. This allows the 
compiler greater opportunity to reschedule instructions and help remove interlocks. 
 

3.2.2 Inlining. 
In the event of interlocks, where registers required by an instruction are being used by a 
previous instruction and causing a stall, an option for optimizing source code is to make a 
function less complex, such as inlining  the function to reduce the subroutine overhead. 
For the most part, RealView Compilation Tools will automatically inline functions where 
it is sensible, which will assist in this kind of optimization. 
 

The intrinsics used in the last example was just one of many different 
types of intrinsics available within the RealView Compilation Tools. Other 
intrinsics include C55 instrinsics for developers working on TI platforms, 
ETSI instrinsics providing telecom primitives, and NEON intrinsics for 
DSP algorithms.  

 
Try and identify other areas of the application where you can employ the 
above optimization techniques to further improve performance. 
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Appendix: Terminology in MPEG Compression 
There are three types of frames used in MPEG compression – I frames (intraframes), P 
frames (predicative frames), and B frames (bi-directional frames).   
 
I frames are compressed without reference to any other frames.  That is, they are 
compressed using just the information in the frame itself, in the same way still images are 
compressed (using the DCT, quantization, run-length encoding, etc.).  This is called 
intracoding.  There are generally two or more I frames each second (more often three to 
six), and particularly complex frames are encoded as I frames.   
 
P and B frames are encoded with reference to the previous frame, i.e., they are 
intercoded.  P frames are encoded with reference to a previous frame, called forward 
prediction.   
 
B frames are encoded with reference to both the previous frame and the next frame.  This 
is called forward and backward prediction.  Use of forward and backward prediction 
makes a high compression rate possible, because it is necessary to record only the 
changes from one frame to the next. 
 
An I frame plus the following B and P frames before the next I frame together define a 
Group of Pictures (GOP).  The size of the GOP can be set to 8, 12, or 16 to optimize 
encoding to suit different movies and display formats. 
 
Macroblocks are blocks of 16 pixels by 16 pixels within a frame. 
 
The encoder uses motion compensated prediction for P frames and B frames.  That is, it 
detects macroblocks that don’t change from one frame to the next, or that change only by 
moving.  For each macroblock, a search is made for the closest match in the search area 
of the previous picture.  When a match is found, a motion vector is computed.  The 
motion vector records how far the macroblock has moved, and in what direction.  
 
There are two layers in MPEG encoding, the system layer and the compression layer.  The 
system layer is an envelope for the compression layer.  It provides the control code for 
separating the audio and video portions of the signal and providing for their 
synchronization when they are decoded. During the encoding process, the system layer 
multiplexes the audio and video streams into one data stream, along with the 
synchronization information. 
 
Steps in MPEG Compression – Video Component 
1.  The compression is done in a two-pass process.  The first pass analyzes the video file 
to determine which frames can be compressed as I frames, which as P frames, and which 
as B frames.  The size of the GOP and the minimum and maximum bit rates are set before 
the first pass. 

2.  The frames are divided into blocks of 16 pixels X 16 pixels called macroblocks. 
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3.  The RGB video signal is transformed to YUV.  YUV represents a frame as a 
luminance component (Y) and two chrominance components (U and V).  It is a better 
representation for compression purposes because some of the chrominance information 
can discarded without loss of clarity to the human eye.                              

4.  Discarding the chrominance information is called subsampling or downsampling.  
Originally, each 16 X 16 block of pixels has three pieces of information associated with 
it, the R, G, and B components.  When RGB is translated into YUV, a Y component is 
generated for each of the 16 X 16 pixels, but U and V components are generated only for 
each group of 4 pixels. This is because for the U and V components, only ¼ of the pixels 
are kept, where each pixel is some “average” of four neighboring ones.  Thus, for a 16 X 
16 macroblock, there are four 8 X 8 blocks of luminance data (Y), but only one 8 X 8 
block each for the two chrominance components (U and V). 

When the frame is decoded, the missing chrominance data can be regenerated by 
interpolation, often simply by duplicating the averaged pixel four times. 

5.  For a P frame or a B frame, the encoder determines how the macroblocks have moved 
from one frame to the next and then records a corresponding motion vector (how much 
and in what direction a block has moved) and prediction error compensation (how much 
the block might have “tilted” during the move) for each macroblock.  

6.  For I, P, and B frames, each macroblock is compressed using the discrete cosine 
transform. 

7.  The high frequency coefficients are discarded. 

8.  The coefficients are quantized. 

9.  The macroblock is diagonalized and run-length encoding is performed on it. 

10.  Huffman encoding is done on the remaining values. 
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For more information on optimization techniques, please refer to 
http://www.arm.com/support/training.html 
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