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Overview

Aim

When software engineers wish to start optimizirgjrtbode, how do they know where to
start? How does a developer know which functioesaking the most amount of time to
execute? And how effective are the test cases alif@lssurance? RealView Profiler
from ARM provides statistical information of an dipption’s performance and makes it
easy to identify areas for improvement. This wodgsvill provide hands-on experience
in using RealView Profiler to analyze the perforrmaof 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 ContmlaTools and RealView Profiler
Session 3 — Optimize Source Code.

Introduction

Benefits of code optimization

Increasingly competitive market conditions in teehnology industry mean that bringing
products to market faster and with more complexesys is the key to being successful.
The challenge of offering faster, yet more featuch-products in a shorter timeframe is
something all companies face. So the problem aasmsd offering more and more
complicated and powerful products on a very tigiiesiule while still maintaining high
quality.

One of the many processes that can help achievésttiie code optimization phase of the
software development cycle. The ability to optimsoétware by even only 5% can
provide enough system bandwidth for another fedtute added to the product,
therefore allowing the product to be even more cetitipe. To determine where in the
software to begin optimizations, a developer waéd to know performance statistics
such as which functions are taking the most amotitine to execute and which
instructions are requiring the highest number ofimoky accesses.

Identifying areas for performance improvement

So how does one go about identifying the bottlea@ackhe code? Quite often the
engineering department is unable to make timeerdgvelopment cycle for performance
tuning until the project is feature complete anegnated, and because this is usually
such a high pressure and stressful time, findiag plerformance is not what it needs to be
can be an unfortunate surprise. Additionally, oacengineer does get time to find
performance bottlenecks, where do they start? Hmay & it for them to investigate the
trade-offs between code density in their applicatiersus performance? Relying on
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guesswork when doing these reviews can be expeastvéime consuming, not to
mention inaccurate.

RealView Profiler graphically highlights where thettlenecks in system behaviour are,
based on running the software as an end-user niigktProfiler also shows exactly how
these bottlenecks relate back to source code sappeopriate changes can be made to
either compiler optimizations or to the source cddirmation about the performance of
the application includes the amount of time speritinctions, including statistics
involving relationships between functions, as veslimemory accesses, delays, and code
coverage.

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

RealView Development Suite 3.1
RealView Profiler

Additional information

Detailed information regarding specific operatioffealView Profiler and RealView
Compilation Toos as well as the Eclipse IDE is kalde through the onlinglelp from
the Menu bar.
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Icon conventions

Various icons are used throughout the tutorialaoify the purpose of text associated
with them. Icons either signify the presence @bimation on a particular topic, or the
requirement for user interaction.

The following icons all indicate that user interantis required:

@ Indicates that keyboard or mouse input is regume the host PC
@ Application icon. Suggests an application taibed to perform a
given operation. This example shoMErosoft® Notepad

Button icon. This indicates that a correspondiangon within the
J current application can be used to perform treratmon currently
being discussed

The following icons show information:

@ Identifies a question or a point of discussion.
@ Identifies a user friendly hint or tip.
0 Highlights important information regarding ther@nt topic.
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Session 1 — Exploring RealView Profiler

1.1 Starting the Profiler

é To start the Profiler launch Eclipse

Eclipse opens the default workspace and displaysi¢iails of thevid

0 project including the source files and imag@_1176EB.axf The
project opens in the RealView Profiler perspectitech has been set as

the default.

1.2 Generating profiling data

@ In the Navigator pane to the left selgetd 1176EB.axfandright click
Run As Run On ARM1176 EB RTSM.

& RealView Profiler - Eclipse Platform
File Edit Mavigate Search Project Target Run  Window Help

{ml = W@ H-O0-Q- P B
=5
@ BB
ERES 1 svid
E-[= .externalToolBuilders
F- [ .settings
=z Debug
[#-[= obj
B src
=B 1_xvid_1176EB.ax{
| & makefile New 4
| @ objects.mk Open
L@ sources.mk Open With 4
(= obj ;
B rvd =] Copy
- src
2 .cdtbuild ¥ Delete
=] .cdtproject Mowe. ..
.project Rename
1 sovid_1176CP_hw.rpa
g2y Impart...
273 Export. ..
& | Refresh
Send To L4
il 1Run on ARM1135 EB RTSM
Debug As dll B 2 Run on ARM1175 EB RTSM
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The RTSM (Real Time System Model) of the ARM 117 ts up.
The video plays for a few frames and the repoet fil
1 xvid_1176EB_001.rpas generated.

I Real Time System Model CLCD
£ i 5
EE Qutline &2 =l

[4n outline is not available.

v RealView Prof..

W s X =
1_xvid_1176EB ARM1176 EB
RTSM: 00:00:15

Profiler - 1_xvid_1176EB_001.rpa - Eclipse Platform

File Edit Mavigate Search Project Target Run Window Help
it G i@ IO i (Chd
5. Navigator 52 =l 1_xvid_1176EB_001.rpa X = i
B & © || tavigaton TRate A | |an cutine is ot avaiable.
@ Function Report Collected 51 seconds of profiing data on Monday, 31 December 2007 at 18:33:14 o'clock
] GMT from C:/workspace/1_xvid/Debug/1_xvid_1176EB.axf running on an ARM1176JZF-S
Eile Report via a Real Time System Model.
Code View
2,817,840,471 instructions were executed. An average of 55,251,773 instructions were executed
= call Graph per second.
o sre # GallChan Time units for this run were measured in estimated cycles, This run collected 5,850,204,739
=] 1_xvid_1176EB.axf B Call Summary estimated cydles (~114 MHz).
kefil A
Ll (@ Help Top 5 Functions by Self Time
& objects.mk )
& sources.mk Code Coverage by Instruction PRIt e
H-E obj idet_int32
& rvd interpolatess_halfpel_hv_c [[7] 4.76%
=
: transfer_i6todadd_c | ] 472
cdtpraject transfer_16togcopy_c | ] 275%
project
1 sevid_1176E8_00Lrpa Top 5 Functions by Delay
A xvid_1176CP_hw.rpa [ e e yv12_to_rgh555_c
[ 0.52% Partially Covered idct_int32
I c.68% Mot Coversd oo oiatess el v c [0 e s 2 =g
Code Coverage by Function transfer_16toBadd_c . 4.49%
transfer_1stoscopy_c [ 2.06%
Top 5 Functions by Memory Access v
& console 52 X% GEE #B--70
<terminated> 1 xvid_1176E8 ARM1176 EB [ARM Real Time System Model] run
Terminal 3: Listening for serial connection on port 5003 ~
Terminal 1: Listening for serial connection on port 5001
Terminal 0: Listening for serial connection on port 5000
Terminal 2: Listening for serial connection on port 5002
Simulation is started
RealView Profiler (Build: Nov 15 2007, 16:02:53)
Writing RealView Profiler analysis file to 'C:\workspace\l_xvid\l_xvid_1176EB_001.rpa’.
Please wait.
Done. (3.2 seconds)
v
nid ! i 2empfssM (I
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1.3 Summary View

Select thd_xvid_1176EB_001.rp&b and double-click.
This should maximize this viewFhe Summary View
(To minimize double-click the tab again).

& RealView Profiler - 1_xvid 1176EB_001.rpa - Eclipse Platform
File Edit Navigate Search Project Target Run  Window Help

Code Coverage by Instruction

[ 10.58% Covered
[ 1.07% Partially Covered
B 3&.35% Mot Covered

Code Coverage by Function

I 12.17% Covered
[ 11.96% Partially Covered
Il 75.57% Mot Covered

idct_int32 [T
transfer_15to8add_c B
interpolate8x8_halfpel_hv_c

transfer_16to8copy_c

1w B W@ - 0-Q PR p=ReRd B Hgcics
B 1 vid_1176E8_001.rpa X =
MNavigation Information
& Eunction Report Collected 36 seconds of profiing data on Tuesday, 1 January 2008 at 17:06:25 o'clock GMT from
—_— . C/workspace/1_xvid/Debug/1_xwvid_1176EB.axf running on an ARM11761ZF-5 via a Real Time System Model.
[z File Repor
Eodedhew 2,214,730,551 instructions were executed. An average of 61,520,293 instructions were executed per second.
=2 Call Graph Time uriits for this run were measured in estimated cycles. This run collected 3,726,575,680 estimated cydes (~103 MHz).
ﬁ Call Chain Top 5 Functions by Self Time
Call Summary
E yv12_to_rgb555_¢
(@ Heb

Top 5 Functions by Delay

yv12_to_rgb555 ¢
idct_int32
interpolatedx8_halfpel_hv_c
transfer_16to8add_c

transfer_16to8copy_c

32,640,960 estimated cycles

get_coeff

interpolate8x8_halfpel_hv_c

decoder_mbinter

=

19M pf 40M

[}

The summary view is the starting point for viewthg statistics that were
collected. In this view, you can see hotspots uryapplication including
the top five functions by how much time was sparthem, top five
functions by delay, such as where interlocks caasstdll, and top five
functions by the number of memory accesses basetkomory reads and
writes. These are displayed as percentages, ahdvgying the cursor over
any of the items, you can see the actual totalgedls There are also pie
charts that are displaying code coverage by functitd by instruction.

Note: These results were produced on a relatslely 1.7GHz single
core machine. The workshop laptops are 2.0GHz chwral machines so

you should see much better results.
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1.3.1 Information

Information

Collected 13 seconds of profiing data on Monday, 14 January 2008 at 18:02:56 o'clock GMT from C:/Documents and
Settings/vasl [ Desk fworkspace/1_xvid/Debug/1_xvid_1176EB.axf running on an ARM1176JZF-5 via a Real Time System Model.

2,214,730,551 instructions were executed. An average of 170,363,888 instructions were executed per second.

Time units for this run were measured in estimated cycles. This run collected 3,726,575,680 estimated cydes (~286 MHz).

As you can see at the top, there is informatioruatiee specific analysis
file including time and date that the profiling datas collected, the path

0 of the image that was profiled, the number of ingtibns that were
executed, how many instructions executed per se@mttithe number of
samples or cycles were measured. Note thagghmated cyclesare static
and assume perfect memory without cache, whicbtiseumrently modeled
in the RTSM.

@ From within this summary view, you can navigatenore detailed reports
including Function Reports, File Reports, Code Viand Call Chain..

1.4 Code View

The code window has quite a few useful featuresdhauld make the identification of
areas for optimization easier.

@ Select the first functiopv12_to rgb555dn theTop 5 Functions
by Self Timehart. Right click and sele&elect in Cod¥iewin the
dropdown list.

Top 5 Functions by Self Time

ywi12_to_rgh555_c

& Select in Function Report
Iy Select in File Report

={_ Select in Call Graph

G(ﬁ Select in Call Chain

Elf= select in Call Summary

idet_int32 [REEEED)
transfer_16to8add_c
interpolatedx8_halfpel_hv_c

transfer_16to8copy_c

|| Edit Source
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e The screen is separated by default into a sousse at the top and a
disassembly view at the bottom. There is a dropdiist where you can
change the view to show only Source or only Disasdy

& RealView Profiler - Code for 1_xvid_1176EB_001 - Eclipse Platform

File Edit Mavigate Search Project Target Run  Window Help

i o - B W@ 50 Q- i 7| [+ Realview Prof... |
| 44 1_xvid_1175EB_D0L.rpa B Code for 1 xvid 117688 001 X =]
W b @ & =< ﬁE'E Q Q Source &Disassembly | v @ £
CC Time Line |Source File: C:, C: !works@efl mld[srcﬂlb{xvld{ma_qg[mloryaoe '3 |
O :I. 358 1,676 { ~
= 582 -1._,6'3"J’= int f:l_'xed. width = {w}.d.th + 1) & -1'
(m} 194 BT | i _stride - 2 * fixed width:
(m} 194 1,679 v d
= &7913; G'Bl]l int uv « d1f = uv strlcle - {f:lxed. w}.dth S 2)-
) |1 681 int x, v:
Fa 776:-1.',6‘32! if (vflip)
|1 683' { =
.I 0 A G'B‘ll ZIpLE t {he-:l.ght b atl:l_de'
.: 0 1,685 x dif = -2 * fJ_'xed. w:uith =y Btl:lde—
@ o 1 635' x_: 3t1::|_de s 31’.1:1&13—
I:L 68"5 ¥
= 273,055 1,828 for (v = 0; ¥ < height; ¥ += 2)
1 6S§| {
int z(2], gi21, bi2]: _ _
o 135,800 1 691| r£[0] = r£[1] = g[0] = g[1] = b[0] = b[1] = O:
B 161,660,200 1,692 for (x = 0; x < fixed width; x +%)
|1 693i o v
Count
o
1
=i
355001 1
1| e3c54001 2
T 0\000 f478 (eD415084 1
7|0x0002f47c|e58d5028 1
7|0x0002f480 | e04e5004 1
| 34 |e58d5024 1
38 | e1a05004 =
ic|eDB46fad 1
8 =2
2
2
| 2|
< | 3
Time | 3,570,461,049 (51.03%) | Code Coverage | 26.48% |
Avg. CPI ‘ 2.07 (479 cydes for 226 measured instructions) | Interlock | = |
— —

| samorsm [T

When you click on a line of code in the source vitdve area of disassembly associated
with that line of source is highlighted in the loott half of the window using window
tracking. Alternately, you can highlight areashe tdisassembly to see the associated
areas of the source.

Both sections contain a column callBidhe which tells the user how many times the
sampling contained that line of code. A good pllacea software developer to begin
optimizations might be those instructions or pafta function that have the highest
amount of time spent in them. When you highliglgt@up of lines of source code or

10
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instructions, the total time spent executing thasguctions is displayed at the bottom of
the window.

@ SelectSource Onlyyiew theyv12 rgb555dunction and highlight the
group of instructions with high numbers in Tienecolumn.

_xvid_1176El 1 - Eclipse Platform
File Edit Mavigate Search Project Target Run Window Help

i i (WO QP gt e = Wcic++ »
%] 1_xvid_1176EB_001.rpa ks 001 X =g
el @ [ =< & 5 [ Q|SourceOnly + | [C:\workspace\1_xvid\1_xvid_1176E8_001.rpa

cc | Time | ce.c

* fuintle € *)
[((0 >

{{(255) < (r[D]) 2 (255) : (r[0]))) 0 : (((255) <

& 0xT7c00)
(((D >

{({255) < (g[0 ? Z £ ) 0 ¢ (((255) <

& 0x03e0) |
(((D >

((({255) < (b[0]) 2 : 2 0 : (((255) <

& Ox001f);

r[i]
* fuintlé
[((0 >
(((255) < (r ) ? (255} : (r[1I1))}) 2 O : (((255) <
(r[11) 2 |
{(r[11)))) <<

& DxTc00) |

((to > v

Time [ 2,121,581,873 (56.93%) | Code Coverage | 94.95% |
Avg. CPI | 1.58 (272 cydes for 160 measured instructions) | Interlock | - |
7° : I

You can see that more than 50% of the total execuime was spent
@ within this code block. This would clearly be a darea to begin your
optimizations.

11
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1.4.1 Code Coverage

Code coverage is an important metric for Qualitg#ance. The code coverage feedback
in RealView Profiler will indicate whether test easare adequately exercising the
application. The green squares indicate that tkeip line of code was fully executed.

An orange triangle indicates that not all of tharfwhes possible in that function were
executed. A red circle indicates that nothing aat time was executed.

@ Select thd_xvid_1176EB_001.rpb. Select the first function
yv12_to rgh555an theTop 5 Functions by Self Tingkart. Right click
and selecBelect in Function Repoim the dropdown list.

& RealView Profiler - Functions for 1_xvid_1176EB_001 - Eclipse Platform

File Edit Mavigate Search Project Target Run  Window Help
O AR @ B0 QP G- £ B+ »
[ 1_xvid_1176EB_00Lrpa 3 | ;b Code for 1 wvid_1178EB_001 =
I 5 @ =< # 6 ba | Total vl @)
1_xvid/1_xvid_1175EB_001.

Function Name ‘l == j""_xw Feroge—T ..”’.‘EL w | Total Time Avg CPL Delay Eff Called Callers | Callees Read Wirite
yv12_to_rgh555_c A 94.95%(2,121,581,873|2,121,581,873 1.58|521,393,511| 75.42% 57 1 0(1,043,571,784|248,404,584 | A
idct_int32 [ 100.00%| 308,675,734 309,675,794 1.71| 90,759,106 70.69%| 182,361 2 0| 104,357,782| 53,249,412
transfer_16toSadd_c M 95.43% | 189,317,566 189,317,566 1.75| 32,640,960| 82.75%| 102,003 1 0 20,808,612| 7,752,228
interpolateBx8_halfpel_hv_c I 100.00%| 158,881,110 158,881,110 1.67| 58,510,944| 63.17%| 135,442 1 0 36,840,224| 10,835,380
transfer_16to8copy_c A 8B.00%| 133,554,996 133,554,996 1.92| 25,714,560 80.75% 80,358 1 0 10,928,688 5,785,776
dequant_h263_intra_c A B7.50% 97,254,236 97,254,236 2.00) 16,112,268| 83.43% 80,358 1 0 11,892,984| 11,571,552
get_coeff A 85.07% 69,365,816 102,056,398 2.28| 11,029,912| 84.10%| 838,851 2 2| 48,209,119 43,773,576
interpolatedx8_halfpel_v_c W 100.00% 48,259,680 43,259,680 1.57| 14,786,000 69.36% 73,930 1 0 10,645,920, 5,914,400
interpolate8x8 halfpel h c B 100.00% 45,629,222| 45,629,222 1.57| 13,939,008| 69.45% 72,599 1 0 10,163,860/ 5,517,524
4 b
Functions ._D | Size ;Co\rerage - 1 Read [

Self Time | | g cpr [ | oelay | | write [

: e : 2iMof4oM |

You can see that the12_to rgb555 ¢ function does not have 100%
@ Coverage. It has a orange triangle in the Covertagann 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 sourc# (vflip)’ . If you had previously selecte
‘Source Only’ or ‘Disassembly Only’ in the dropdowst, you might wish
to select ‘Source & Disassembly’ at this time

o

Jorsp:
fixed_width;

[ ght - 1) * x_strid

[ fized width - x_stride

L] H

5] ght; v += 2)

cc Time: Count Address Opcode | Br | CPI |1 |Disassembly

[u] 291 97 0%0002f49c 5345064 3 * LDR 5, [sp, $0x64]
o 97 97 0x0002£420 23550000 1 cup x5, #0

A 388 97 0x0002f4a4 02000007 4+ BEQ 0x0002£4c8 ; yvi2 to_rgb555 c + Ox6c
[ 0 0|0x000214a8 *|LDR x5, [sp, FOK60
® o 0| 0x0002£4ac » sUB 5,15, 41

L] L] 0|0x0002£4b0 MLA r0,r5,rl,r0
[ [ 0|0x0002£4b¢ DI x5, %1

[ ] o 0|0x0002£4b8 * | MUL r5,r4,15

[ 0 0|0x000214bc SUB r5,r5,rl

[ ] L] 0|0x0002£4c0 STR. s, [=p, #0x28
® [ 0|0x0002f4c4 RSB r1,r1,#0

5] 97 97| 0x0002£4c8 1| |mMov z5,#0

12
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By looking at the instructions associated with ¢baditional branch at

0 line 1,682, we can see that the BEQ statement (img&ranch when
Equal) is always taken, therefore the instructimnghat branch, not
having been taken (between the arrows in the digasly), were never
executed.

1.4.2 CPI (Cycles Per Instruction)

In order to look at Cycles Per Instruction in det@ata collected from real hardware is
more appropriate than data collected from the mas$gecially if we need to consider
how memory accesses may be affecting performaneewiWexplore an analysis file
which was generated from a Integrator CP developimesrd with the ARM1136 CT
using the RealView Trace 2.

@ In the Navigator window double-click owid_ ARM1176CP_hw.rp&
open the Summary view.

13
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Double-click on the functiopwv12_to_rgh555t0 open the Code view.

If the project was not built on the machine youaesving the profile data
on, and the file paths are not the same, thenribfdd? will give you a
message saying ‘Unable to locatelbrspace.tand you will be shown a
link to locate the source file. If this occurs lastmoment, click the link
and browse toc:/workspace/1_xvid/src/lib/xvid/image/colorspace.c

Review the disassembly window fgw12 to rgbh555cand the CPI (Cycles Per
Instruction column). You might need to scroll doimrthe Disassembly pane to view the
highlighted items in the CPI column. This columies the average number of cycles
required to perform the associated instruction. &ofithe numbers are highlighted,
which indicates that the Profiler feels that timstruction took more cycles to execute
than it should have.

14
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Click on line 1688 in the source window, theroiaown in
The disassembly window to the STR instructiod(®40). The CPI is 50
compared with just 2 CPI for the same instrucbo the RTSM.

This delay was due to the latency introduced bgseto external
memory.

1.4.3 Branches

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

In the disassembly view gi/12_to_rgb555chover the cursor over the
left to right arrow (0x1bdb0). The function(s) that called
yv1l2 to rgbh555cis displayed.

In the disassembly view gf/12_to_rgh555chover the cursor over the
corresponding right to left arrcevwhere the function exits.
The call destinations are displayed.

15
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1.4.4 Interlocks

The Interlock column indicates where stalls haveua@d. This information can help a
developer familiar with register usage to optintbele based on delays.

Highlight line 1682if (vflip)’ in the source view within
yvl2 to rgb555c.
Scroll down in the Disassembly view to show theiilticks in the source.

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

Hover the cursor over the dot indicator, you sae the registers involveq
in the stall are highlighted
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It appears that the'2LDR instruction involving r11 is being stalled the
3 LDR instruction.

1.5 Function Report

The Function Report shows where the applicatiomtspmst of its time. From within the
Functions Report, a user can sort the columns basedvariety of measurements.

Click on thel_xvid_1176CP_001.rpt select the report from the RTSM
run and Seledtunction Reporin the Navigation pane.

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

These measurements include statistics such as i time was spent
executing that function (Self Time), how much timas spent executing
that function and its child functions (Total Tim#)e delays that the
function experienced based on issues such as géitirmemory or stalls
associated with interlocks (Delay), the numbeiirogs that function was
called by other functions (Callers), and informatan the memory
accesses by that function.

The information in most of these views can be etqubto a text file which
@ can quickly be imported into Excel for creatingtoms graphs and reports
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Any of these functions can be navigated to in agotiew by right
clicking on them.

1.5.1 Editing Source Files

Right-click on theyv12_to rgb555cfunction and select Edit Source.

Once the code has been modified, the project caalhsglt and the
profiler run again.

18




Profiler Workbook version 1.4 © ARM 2008

Close thecolorspace.tpage to return to the Function Report.

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

functions.

Right-click on theyv12_to rgb555cfunction and choose
Select in Call Graph
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To show the code coverage information selatorize by Coveragmm the
dropdown list.

Move the cursor over the mini-map in the rigabhtl corner. Right click
and selectShow Uncalled Functionsin the mini-map, move
the square to the red portion to display fumdithat were not called .
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In this way, the tester or developer can get aa afevhat additional test
cases might need to be created to ensure greaterage of code.

1.7 Call Summary and Call Chain

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

In the Outline pane seleehalloc’. When themalloc’ function is
highlighted in the call chain, right-click the nadland choose

Select in Call Summary

@ To find malloc in the Outline pane just select &myction and type ‘m’.
This will immediately take you to the functionsrsitag with ‘m’.
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In this Call Summary view, you can view the immeeliparents and children of a
function as well as statistics on how many timesuérious functions were called. In this
example, we can investigate how many times a fandhat has called ‘malloc’ has

ended up in __Heap_Full.

Click on the [-] button in__rt_heap_descriptorto uninclude all
measurements that end in that function and ¢hek [+] on

‘ _Heap_ Full'to

include only the statistics for callers that eqdin that function.
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By removing measurements regarding the functioastiave called
‘_rt_heap_descriptorand only including measurements for those funstitvat have
ended up in‘* _Heap_Full, a developer can explore areas for using memangimay
more efficiently.

To view the entire hierarchy including parend @hildren of malloc’,
right-click on the function and chooSelect in Call Chain.
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The call chain view also lets you explore relatlops between functions. This expands
to display every instance of the function that woe interested in

@ The information in most of these views can be etqubto a text file which
can quickly be imported into Excel for creatingtoms graphs and reports
by clicking on the  button.

1.8 Comparing results

Finally, when you wish to compare results of twofjpe sessions, you can open both
analysis files and explore the results side-by-side

Right-click on the tabs at the top of the windamd click
Close All.
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Open thexvid_1176CP_hw.rpand thel xvid_1176EB_001.rpéles.
Click on the tab for one of them and drag ieither the right or left side
of the window, until the cursor turns into adlarrow, then let go.

When the analysis views are displayed side-by-s/wle.can explore the detail views for
each of those profile sessions and compare thésedwyour optimizations.
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Click on Function Report for each of the anaydes.
Select ALL functions (Ctrl A) in each reportdcompare both runs.

Reset the Perspective back to the default getfifose all the windows
leaving just thé_xvid_1176EB_001.rpand Function Report views ready
for the next session.

This ends the tour of the Profiler. In the nexissas 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 eitdrethe compiler level or by editing

the source code. In this section, we will use sg#tin the RealView Compilation Tools

to attempt to improve the performance of our cedel, the success of those optimizations
will be measured using the RealView Profiler.

The video decoder project Xvid has been compiledgushe default settings, -Ospace and
—02. For the purposes of this workshop, this ptdjas been limited to run for only 100
frames. In this way, we can set a benchmark fanopations across several consistent
application runs.

Let’s review the previous session results.

Double click thel. xvid_1176EB_001.rptab.

As you can see in the profiling summary page, tlogept built with
default compilation settings has tak&i@26,575,68@stimated cycles to
execute.
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Next, determine the total size of instructiompytes and the number of
reads and writes. Open the Function Report andtsallehe functions

(Ctrl A).

At the bottom of the Functions pane notice thastteal totals for
instruction size a299,24Bytes, memory reads atl.5 billion and
memory writes at 603 million.

We will now open the next project for this sesstorxvid comparing results against
1 xvid (leave this project open).

Collapse the sources view in the Navigatoregan the

1 xvid project.

SelectFile->Import-> Existing Projects into Workspa@ad browse
to the directorg:\workspace\2_xvid. SelectOK thenFinish.
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2.1 Compile application for time — Globally

The compiler (ARMCC) default options are:

{-02, -Ospace, --arm, --cpu ARM7TDMI}
We will now improve the performance of the applicatby selecting the following
compiler options:

{-03, -Otime, --arm, --cpu ARM1176JZ-S}

Select th_xvid project, Right-click selecProperties  C/C++ Build.
In Targetfor both theARM RealView CompileandARM RealView
Assemblemenu selecARM1176JZ-$ the Architecturelist.
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In Debug /OptunderARM RealView CompileselectOptimize for:Time
andOptimization Level: Maximum Optimization , resteid debug (3).

Click OK to save the changes, then rebuild th@iegtion by right-
clicking on the2_xvid project folder and selectiri8uild Project.

This will take a couple of minutes as most of thédtime is spent in the
linker step building the statically linked videadgcinto the image

Rerun the application in order to generate a report file.
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The video plays for a few frames and the repoetZilxvid_1176EB_001.rpa

generated.

Open thé_xvid_1176EB_001.rpand the2_xvid_1176EB_001.rpkles.
Click on the tab for one of them and drag ieither the right or left side
of the window, until the cursor turns into adlarrow, then let go.
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Select the Function report for each run.
Then select all usin@trl A to select all functions.
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As you can see by comparing the analysis files lsydgide, making the

@ changes to the optimization settings in the comgil@é3, -Otime, --arm, -
-cpu ARM1176JZ-S} resulted in lower cycles 3 billion cycleg but the
size is larger336 KB). This is a considerable improvement in
performance, however the size of the applicatis v 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 the3 xvid project into the workspace.

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

Using the same steps as before, imporBthevid project.

Change the compiler settings again by right-cligkam the project,
selectingProperties  C/C++ Build  Tool SettingsChange the
Initial Stateto Thumb.

Check that the assembler builds with interwaglsnpport. SelecdK.
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SelectApplythe file and rebuild the application by right-&lieg on the
project directory and selectif@pild Project.

Rerun the application in order to generate a repart file.

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

The video plays for a few frames and the repoetXilxvid_1176CP_001.rpis
generated.
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Compare th8 xvid_1176CP_001.rpand thel_xvid_1176CP_001.rpa
files and the associated function report filegnathe previous exercise.
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Figure 2 Optimization using Thumb.

@ The code size is much bettél KB),
but we have lost 37% in performané&el@ Billioncycleg

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 optimizats for the top 10 functions to optimize
for time by changing their compiler settings-#éom, —O3 and—Otime
The remaining code will remain as it is, optimiZedspace using the settingshumb,
‘03, and - Ospack
An alternative approach is to do this on a fildfilgybasis i.e,

armcc —arm —O3 —Otime test2.c // hot code

armcc --thumb —O3 —Ospace testl.c // cold code

Import the4_xvid project into the workspace.

Use the Functions report to determine the tom&8t executed functions
and edit the appropriate source files. You rteeatld the appropriate
#Pragmacommands to selectively apply theOtimé and ‘arm’
optimization settings to the compiler. Insert thagma commands with
#pragma push to the start of function artpragma pop at the end as
demonstrated below.

#pragma push
#pragma arm
#pragma Otime

void yv12 to _rgh555 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 theliappon by right-clicking on
the project directory and selectiBgild Project

Rerun the application in order to generate a repart file
4 xvid_1176CP_001.rpa
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Comparel_xvid_1176CP_001.rpand4 xvid_1176CP_001.rpa
report files.

Figure 3 Optimization for Time and Space.

@ You should see a considerable improvement in padoce again but also
improvement in code size in comparison to the nuimozed version we
started with.

Close all of the files

To make further improvements in optimization wedheemake changes to the source
code.
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Session 3  Editing source code for optimization

The most comprehensive method of optimizing thdiegon is to modify the source
code. When determining whether an entire functieeds to be rewritten or only a few
lines of code, information about how much timegsr# in each line of code can be
particularly useful. Using the call chain view ie&View Profiler, you can identify
children and parent functions that are taking tlestime to execute which will help to
make the optimization attempts more efficient.

Analysing the performance on a line-by-line basithie code view will indicate where
only a few lines of code can be changed for thé tessilts rather than needing to rewrite
an entire function.

3.1 Using Intrinsics.

If the Profiler indicates that certain values aeenf called or calculated a large number of
times, the developer might take that as an indioatiat using a pre-fetch intrinsic,
available in RealView Compiler, to load that valo® the L1 cache for frequent access
might improve related performance. Most of the timmening the sample application
being used in this workshop is spent in the colaespconversion, 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 worksk@an MPEG4 Advanced Simple
Profile video codec. It has been released unden@mom http://www.xvid.org

< Video Sequence >
Picture == Group of Pictures ===pp- block iel
Slice -
i S L= ©
|'3|'| - m\ % 8bit bt 8bit
(@) w
O
8_ macroblock 8 pixels @
® RGB COLORSPACE S
et YCbCr COLORSPACE | o
oS
compress
=lco DCT uantize ZigZag[] RLE H huffman
Y 2 — — D — || —> g—>110101...
- r
160bit 8bit

Figure 4 MPEG4 video encoding
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Video frames stored in the input video frame menavgyread into the encoder in a
partition of 16x16 macroblocks. The macroblockaswerted from RGB format into
YCDbCr (similar to YUV format) before being convettmto the frequency domain in the
Discrete Cosine Transformer (DCT). The quantized @Gefficients will be re-ordered,
run-length coded, entropy coded (VLE), and finallputs as the encoded bit stream.
Decoding is the reverse of this process. Most efotimization steps we will be
centered on the color space conversion process.

For further detail on the MPEG4 encode/decode pooefer to the appendix.

Import the5_xvid project into the workspace.

In the5_xvid_1176EB_001.rpeeport select the code view of the top
function by self timeyv12_to rgh555 .c

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

Saturation arithmetic is a version of arithmeticvihich all operations such as addition and
multiplication are limited to a fixed range betwesminimum and maximum value. If the result of
an operation is greater than the maximum it is(&amped") to the maximum, while if it is below
the minimum it is clamped to the minimum.

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

0>(((255) < (r[0]) ? (255) : (r[0]))) ? O : (((255) < (r[o])
?(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 ngediload the values onto the stack
for calculation by using the compiler intrinstisatin the following way:

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

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

Right-click on the disassembly view for thatdtion and choose ‘Edit
Source’. Comment out thyw12 to_rgb555_ dunction.

In Eclipse, this can be done by highlighting éiméire function, then right-
clicking on the highlighted selection and choostwmnment
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Next, we will add code written to take advantagéhefintrinsics available for saturated
integers.

Scroll down and uncomment theat version of the same function.
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Save each file after editing and rebuild theliappon by right-clicking on
the project directory and selectiBgild Project

Rerun the application in order to generate a repart file.
Open the Code view at threl2 to rghb555 dunction and browse to the
location in the code containing theusat intrinsics.

Compare this code block with the previous run withithe __usat

intrinsic. You should observe that by taking adegetof the intrinsics, we
have reduced the numbers of cycles to atiddtmillion cycles and the
average CPI has been reduce@aycles for 23 instructions
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3.3 C99 extensions - Independent pointers throughr  estrict.

The compiler supports the C99 ISO language staridahading the keyword restrict,
which enables you to declare that pointers poimtaie-overlapping regions of memory.
This enables the compiler to produce a more op#thimstructions sequence by
reducing the need to reload values from memorg,\hil improve performance.
Consider the following colorspace conversion akont

Figure 5 Colorspace conversion.

Note the fact that the pointers are independent

y_ptr, u_ptrandv_ptrare source incoming bitstream, which are beind rea
from memory

x_ptris the resulting RGB outgoing bitstream, whickvigten into
memory

Make the following edits toolorspace.cwhich will add theaestrict
keyword.

Save each file after editing and rebuild theliappon by right-clicking on
the project directory and selectiBgild Project
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Rerun the application in order to generate a repent file.

You should see the following overall improvemenparformance 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 funct®actually being taken by a single
loop, one can save significant time by focusingy@m that loop and leaving the rest of
the function alone.

Additionally small loops in code prevent the corapiirom rescheduling unrelated
functions into unused registers. Where a small lmoqurs which also consumes a large
number of cycles it is often worth considering ulimg the loop. This allows the
compiler greater opportunity to reschedule instamng and help remove interlocks.

3.2.2 Inlining.

In the event of interlocks, where registers requiyg an instruction are being used by a
previous instruction and causing a stall, an optiroptimizing source code is to make a
function less complex, such edining the function to reduce the subroutine overhead.
For the most part, RealView Compilation Tools walitomatically inline functions where
it is sensible, which will assist in this kind gbtomnization.

The intrinsics used in the last example was justaimmany different
types of intrinsics available within the RealViewr@pilation Tools. Other
intrinsics include C55 instrinsics for developermsrking on Tl platforms,
ETSI instrinsics providing telecom primitives, aRBON intrinsics for
DSP algorithms.

Try and identify other areas of the application wegou can employ the
above optimization techniques to further improvedgrenance.
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Appendix: Terminology in MPEG Compression

There are three types of frames used in MPEG casjme - frames(intraframeg, P
frames(predicative frames andB frameg(bi-directional frame}

| frames are compressed without reference to dmsrdtames. That is, they are
compressed using just the information in the fraisedf, in the same way still images are
compressed (using the DCT, quantization, run-leegttoding, etc.). This is called
intracoding There are generally two or more | frames eacbrse (more often three to
six), and particularly complex frames are encodetfeames.

P and B frames are encoded with reference to #naqurs frame, i.e., they are
intercoded P frames are encoded with reference to a previrame, calledorward
prediction

B frames are encoded with reference to both theque frame and the next frame. This
Is calledforward andbackward prediction Use of forward and backward prediction
makes a high compression rate possible, becaissedatessary to record only the
changes from one frame to the next.

An | frame plus the following B and P frames beftire next | frame together define a
Group of PicturegGOP). The size of the GOP can be set to 8, 12, do Iptimize
encoding to suit different movies and display fotsna

Macroblocksare blocks of 16 pixels by 16 pixels within a fram

The encoder usesotion compensated predictidor P frames and B frames. That is, it
detects macroblocks that don’t change from onedrtothe next, or that change only by
moving. For each macroblock, a search is madthéclosest match in the search area
of the previous picture. When a match is founahadion vector is computed. The
motion vector records how far the macroblock hasedpand in what direction.

There are two layers in MPEG encoding, the systamarland the compression layer. The
system layer is an envelope for the compressicerlaly provides the control code for
separating the audio and video portions of theasdignd providing for their
synchronization when they are decoded. During tioe@ing process, the system layer
multiplexes the audio and video streams into orta slaeam, along with the
synchronization information.

Steps in MPEG Compression — Video Component

1. The compression is done in a two-pass procEss.first pass analyzes the video file
to determine which frames can be compressed ases, which as P frames, and which
as B frames. The size of the GOP and the minimugdmaaximum bit rates are set before
the first pass.

2. The frames are divided into blocks of 16 pixel$6 pixels called macroblocks.
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3. The RGB video signal is transformed to YUV. Yikpresents a frame as a
luminance component (Y) and two chrominance comptsn@ and V). It is a better
representation for compression purposes because gbtine chrominance information
can discarded without loss of clarity to the hurage.

4. Discarding the chrominance information is acaiabsamplingor downsampling
Originally, each 16 X 16 block of pixels has thpeces of information associated with
it, the R, G, and B components. When RGB is tatadlinto YUV, a Y component is
generated for each of the 16 X 16 pixels, but Udmdmponents are generated only for
each group of 4 pixels. This is because for theath\A components, only ¥ of the pixels
are kept, where each pixel is some “average” of fmighboring ones. Thus, for a 16 X
16 macroblock, there are four 8 X 8 blocks of luamce data (Y), but only one 8 X 8
block each for the two chrominance components (@\4n

When the frame is decoded, the missing chromindatacan be regenerated by
interpolation, often simply by duplicating the aaged pixel four times.

5. For a P frame or a B frame, the encoder detersriiow the macroblocks have moved
from one frame to the next and then records a sparedingmotion vectorthow much

and in what direction a block has moved) anediction error compensatiofinow much
the block might have “tilted” during the move) fach macroblock.

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

7. The high frequency coefficients are discarded.
8. The coefficients are quantized.
9. The macroblock is diagonalized and run-lengttoding is performed on it.

10. Huffman encoding is done on the remainingeslu
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For more information on optimization techniqueggsle refer to
http://www.arm.com/support/training.html

ARM, ARM Powered, Thumb, RealView and The Architecture for the Digital World are registered trademarks of ARM
Limited. Cortex, ARM Development Suite are trademarks of ARM Limited. All other brand names or product names are
the property of their respective holders. "ARM" is used to represent ARM holdings plc (LSE: ARM and NASDAQ:
ARMHY); its operating company ARM Limited and the regional subsidiaries ARM, INC.; ARM KK; ARM Korea Ltd.; ARM
Taiwan; ARM France SAS; ARM Consulting(Shanghai) Co. Ltd.; ARM Belgium N.V.; and ARM Embedded Technologies
Pvt. Ltd, ARM Physical IP, Inc. and ARM Norway AS. Neither the whole nor any part of the information contained in, or
the product described in, this document may be adapted or reproduced in any material form except with the prior written
permission of the copyright holder. The product described in this document is subject to continuous developments and
improvements. All particulars of the product and its use contained in this document are given by ARM in good faith. All
warranties implied or expressed, including but not limited to implied warranties of satisfactory quality or fithess for
purpose are excluded. This document is intended only to provide information to the reader about the product.

To the extent permitted by local laws ARM shall not be liable for any loss or damage arising from the use of any
information in this document or any error or omission in such information.

50



