3 TUTORIAL

In This Chapter

This chapter contains the following topics:

“Overview” on page 3-2
“Exercise One: Building and Running a C Program” on page 3-4

“Exercise Two: Modifying a C Program to Call an Assembly
Routine” on page 3-17

“Exercise Three: Plotting Data” on page 3-34
“Exercise Four: Linear Profiling” on page 3-44
“Exercise Five: Multiprocessor Debugging” on page 3-50

“What’s Next” on page 3-70
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Overview

Overview

This tutorial demonstrates key features and capabilities of the
VisualDSP++ Integrated Development and Debugging Environment
(IDDE). The exercises use sample programs written in C, C++, and
assembly for ADSP-21xx DSPs. The ADSP-219x simulator will be used
for all exercises.

You can use different ADSP-21xx processors with only minor changes to
the Linker Definition Files (.LDFs) included with each project.

VisualDSP++ includes basic Linker Definition Files for each processor
type in the 1df folder. The default installation path is:

Analog Devices\VisualDSP\21xx\1df folder

The source files for these exercises are installed during the VisualDSP++
software installation.

The tutorial contains five exercises:

e In Exercise One, you will start up VisualDSP++, build a project
containing C source code, and profile the performance of a C
function.

e In Exercise Two, you will create a new project, modify sources to
call an assembly routine, rebuild the project, and profile the
performance of the assembly language routine.

* InExercise Three, you will plot the various waveforms produced by
a Finite Impulse Response (FIR) algorithm.

e In Exercise Four, you will use linear profiling to examine the
efficiency of the FIR algorithm used in Exercise Three. Using the
collected linear profile data, you will pinpoint the most
time-consuming areas of the algorithm, which are likely to require
hand tuning in the assembly language.
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e In Exercise Five, you will explore the multiprocessor debugging
capabilities of VisualDSP++ (for ADSP-219x DSPs only), including
synchronous control of multiple targets, window pinning, and the
use of multiprocessor groups to control complex systems.

Tip: Become familiar with the VisualDSP++ toolbar buttons, shown in

Figure 3-1. They are shortcuts for menu commands such as File, Open.
Toolbar buttons and menu commands that are not available for the task
that you are performing are disabled and displayed in gray.

[»] Analog Devices ¥isualDSP ++ - [Target: ADSP-219x (MP,8) Simulator ] - [Project: dotprodc.dpj]
Sle  Edt  Session Wiew Project  Register Memory Debug  Settings  Tools  Window  Help

[pswalsy [re2e oc MG hTa 4545 w2
[} B G | G e | e X [[acbug ElER=1E
[#zEs opmm mod uw@RE [BHEERY

Figure 3-1. VisualDSP++ Toolbar Buttons
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Exercise One: Building and Running a C Program

Exercise One: Building and Running a C
Program

In this exercise, you will complete the following tasks:
e Start up the VisualDSP++ environment
e Open and build an existing project
e Examine windows and dialog boxes
e Run the program and profile a C function

The sources for this exercise are in the dot_product_c folder. The default
installation path is:

Analog Devices\VisualDSP\219x\examples\tutorial\dot_product_c

Step 1: Start VisualDSP++ and Open a Project

To start VisualDSP++ and open a project:

1. Click the Windows Start button and select Programs, VisualDSP,
and VisualDSP++ for 21xx.

The VisualDSP++ main window appears.

If you have already run VisualDSP++ and the Reload last project
at startup option is selected in the Project Options dialog box,
VisualDSP++ opens the last project that you worked on. To close
this project, choose Close from the Project menu, and then click
No when prompted to save the project. Since you have made no
changes to the project, you do not have to save it.

2. From the Project menu, choose Open.

VisualDSP++ displays the Open Project dialog box.

3-4 VisualDSP++ 2.0 Getting Started Guide for ADSP-21xx DSPs



Tutorial

3. In the Look in box, open the Program Files\Analog Devices
folder and double-click the following sub-folders in succession:

VisualDSP\219x\Examples\Tutorial\dot_product_c
Note: This path is based on the default installation.
4. Double-click the dotprodc project (.dpj) file.

VisualDSP++ loads the project, and generates dependencies for the
source files. The environment displays messages in the Output
window as it processes the project settings and file dependencies.

Note: The first time that you open projects installed from the
software kit, VisualDSP++ may detect that files, folders, or both
have moved. If you receive a “Project has been moved” message,
click OK to continue.

The dotprodc project comprises two C language source files,
dotprod_main.c and dotprod.c, which define the arrays and
calculate their dot products.

5. From the Settings menu, choose Preferences to open the
Preferences dialog box.

6. On the General tab page, under General Preferences, make sure
that the following options are selected:

e Run to main after load
e Load executable after build
7. Click OK to close the Preferences dialog box.

You are now ready to build the project.
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Step 2: Build the dotprodc Project

To build the dotprodc project:

1. From the Project menu, choose Build Project.

VisualDSP++ builds the project by using the project source files.

As the build progresses, the Output window displays status
messages (error and informational) from the tools. For example,
when a tool detects invalid syntax or a missing reference, the tool
reports the error in the Output window.

If you double-click the file name in the error message,
VisualDSP++ opens the source file in an Editor window. You can
then edit the source to correct the error, rebuild, and launch the
debug session.

If the project build is up-to-date (the files, dependencies, and
options have not changed since the last project build), no build is
performed unless you select Rebuild All. Instead, you see the
message “Project is up to date.” If the build has no errors, a
message reports “Build completed successfully.”

In this example, notice that the compiler detects an undefined
identifier and issues the following error in the Output window:

1l error detected in the compilation of " ~dotprod main.c".
co2l9=: Fatal Error: Compilation failed

Tool failed with exit-exception code: 1.

Build wa=z un=zuccessful.

. Double-click the error message text in the Output window.

VisualDSP++ opens the C source file dotprod_main.c in an Editor
window, and places the cursor on the line that contains the error
(see Figure 3-2).
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The Editor window in Figure 3-2 shows that the integer variable
declaration int has been misspelled as itn.

[»] Analog Devices VisualDSP++ - [Target: PO{ADSP-2191) ADSP-2191 {Single) Simulator ] - [Project: dotprodc.dpj] =]
File Edit Session Wiew Project Register Memory Debug  Settings Tools Window Help

DEEHS|s: ||t DR|oc MAitHhTE| 44K ||ne |
1 5 | B b b | & #8685  [debug EHE=E=1=0
LR A oG | B OO0 ee B &
REIR B dotprod_main.c [C o= | B =] =]
ES dotprodc AI o [000000] _I‘
423 Linker Files FAFEEFIFEFEIIIFEFEIIIFIETEFEiiiIFT [000001]
Ea Source Files A4 woid maini) [ooonoz]
L] dotprad_main. ¢ FAFEEFIFRFIIIFEFEIIIFEITEFEiiiIFT %gggggi%
= dotprod.c
woid maini) [ooooos]
‘ (000006 ] _
itn i [000007]
int result[3] = {0}: [ooooog]
[ooooog]
result[0] = a dot bi a, b ) _l [O0DODA]
result[l] = a_dot cf a, c ) Egggggg%
L resultl2] = a dot df a. d i: hal -
B Froject I _I_I‘ AW LI —’l—l
1 error detected in the compilation of " “~dotprod_main.c".
cc2l19x: Fatal Error: Compilation failed
Tool failed with exit-exception code: 1.
Build was unsuccessful.
=| [A[A1 =15, Console , Build | ENI| 0|
Ready |Halted [ |ooooooon [ UM v

Figure 3-2. Output Window and Editor Window

3. In the Editor window, click on itn and change it to int.

4. Save the source file by choosing Save from the File menu. Notice
that int is now color-coded to signify that it is a valid C keyword.

5. Build the project again by choosing Build Project from the Project
menu. The project is now built without any errors, as reported on
the Build tab page in the Output window.

Now that you have built your project successfully, you can run the
example program.
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Step 3: Run the Program

In this procedure, you will complete these tasks:
e Set up the debug session before running the program
e View debugger windows and dialog boxes

Since you enabled Load executable after build on the General tab page in
the Preferences dialog box, the executable file dotprodc.dxe is
automatically downloaded to the target. If the debug session’s processor
does not match the project’s build target, VisualDSP++ reports the
discrepancy and asks if you want to select another session before
downloading the executable to the target. Skip steps 1-3 if VisualDSP++
does not open the Session List dialog box.

To set up the debug session:

1. In the Session List dialog box, click New Session to open the New
Session dialog box, shown in Figure 3-3.

Newsesson g |

Proceszsor:
POADSP-2191]

Platform:

|ADSP-2191 (Single) Simulator ¥ ]

Sezsion name;
IF'EI[.-’-‘-.DSF'-E'I 911 ADSP-2191 [Single) S

(] I Cancel

Figure 3-3. New Session Dialog Box
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For subsequent debugging sessions, use the New Session command
on the Sessions menu to open the New Session dialog box.

2. Specify the target and processor information listed in the following

table:
Box Value
Debug Target ADSP-219x Family Simulator
Platform ADSP-2191 (Single) Simulator
Session Name PO(ADSP-2191) ADSP-2191 (Single)
Simulator
Processor PO(ADSP-2191)

3. Click OK to close the New Session dialog box. Then click OK to
close the Session List dialog box.

VisualDSP++ automatically loads your project’s executable file

(dotprodc.dxe) and advances to the main function of your code
(see Figure 3-4).
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Exercise One: Building and Running a C Program

[»] Analog Devices YisualDSP++ - [Target: PO(ADSP-2191) ADSP-2191 (Single) Simulator ] - [Project: dotprodc.dpj]
File Edit Session Wiew Project Register Memory Debug  Settings Tools Window Help

DEHS $8 [/ 0B(o: MAacaTa 4435w |

Ok B e e | [BMRIGE]
BRES MW BPR U DAEE
o dpj BEE dotprod_main.c = ES e =
= ES dotprade ﬁ __exit A
T 23 Linker Files void main() ® [000268] idle 0;
=123 Source Files [ [000269] jump _ exit [ -1]
5] | dotprod_main.c int iz nain ]
El dotprod e int result[3] = {0}; [000264] dniide=nEi=15.15

<
D [00026B] i1=0=8038;

result[0] = a_dot _b{ a, b j; 4 [DOD2EC] pop pe:

result[1] = a dot_cf a, c j; F [00026D] push pc:

result[z] = a dot df a, d ) P [0002BE] i0=if; |
L [00026F] axl=dm{il+=1}:

for{ i=0; i<3; i++ ) [000270] dn(id+=n5)=stacksa
¢ [000271] modify (i0+=—8):
printe( "Dot product [5d] [000272] dm(i0+=1)=axl:
s [000272] si=dm({il+=1):
3 [000274] dm(id+=n5)=stackp
[000275] dn(if+=1)=si;
~ [Mpraject dq 1 AR IR | _'l_l
Load complete |
Hit BEreakPoint At Address O=26a
al ., 4
| [ATATE TR, Gonsole 4 Eum 7 el
Ready [Ratted Line 115, Col 5 [00000032 [ hom [ 2

Figure 3-4. Disassembly, Editor, Output Windows: Load dotprodc.dxe

By default, VisualDSP++ opens an Output window, a Disassembly
window, and an Editor window that displays the source file
containing the project’s main function, dotprod_main.c.

Note: VisualDSP++ opens all the windows left open at the end of
its previous session.

4. Look at the information in the open windows.

The Output window contains messages about the status of the
debug session. In this case, VisuaDSP++ reports that the
dotprodc.dxe load is complete.

The Disassembly window displays the machine code for the
executable. Use the scroll bars to move around the Disassembly
window. Note that a solid red circle appears at address 0x268 and
at address 0x26A. A yellow arrow appears at address 0x26A.
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The solid red circle # indicates that a breakpoint is set on that

instruction, and the yellow arrow =* indicates that the processor is
currently halted at that instruction. When VisualDSP++ loads your
C program, it automatically sets two breakpoints, one at the
beginning and one at the end of code execution.

5. From the Settings menu, choose Breakpoints to view the
breakpoints set in your program. VisualDSP++ displays the
Breakpoints dialog box, shown in Figure 3-4.

Breakpoints K E
— Breakpoint Properties
Break ai I
Browse... | Cancel |
Expression: Add
Skip
Breakpaint list:

g

[w] at main

Delete

Dielete All

Hid

Figure 3-5. Breakpoints Dialog Box

The breakpoints are set at these C program labels:

at__exit

® at main
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The Breakpoints dialog box enables you to view, add, and delete
breakpoints, as well as browse for symbols.

In the Disassembly and Editor windows, double-clicking on a line
of code toggles (adds or deletes) breakpoints. In the Editor
window, however, you must place the cursor in the gutter before
double-clicking. Use these tool buttons to set or clear breakpoints:

ﬂ| Toggles a breakpoint for the current line

8| Clears all breakpoints

6. Click OK or Cancel to exit the Breakpoints dialog box.

Step 4: Run dotprodc

To run dotprodc, click the Run button or choose Run from the

Debug menu.

VisualDSP++ computes the dot products and displays the following
results on the Console tab page (Figure 3-6) in the Output window:

=[x

Dot product [0] = -30213
Dot product [1] = -17646
Dot product [2] = 24326
Hit BreakPoint At Addre== 0=xZthb d
Dot product [0] = -30213
Dot product [1] = —-17646
Dot product [2] = 24326
Hit BreakPoint At Addres=s 0=xZ69

=
o
=
£
ES
ket
=l
=1
ket
El
=]

B
[A[ AT THT console £ Build f

Figure 3-6. Results of the dotprodc Program

You are now ready to profile the a_dot_c function’s performance.
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Step 5: Profile a_dot_c

You can examine program execution within a selected range of code by
using a profile to determine the following information:

Percentage of time spent executing instructions
Number of clock cycles spent executing instructions
Number of instructions executed

Number of times memory is read from or written to

In this procedure, you will complete the following tasks to profile the
a_dot_c function:

Enable profiling to collect execution information during the next
program execution

Specify a start and end address for the code segment to be profiled

Run the a_dot_c program to collect the profile information

To set up profiling for the a_dot_c function:

1. From the Tools menu, choose Profile and then choose Enable

Profiling, as shown in Figure 3-7.

Toals

Trace g

Add/Remove Profile Ranges. ..

Linear Profiling  # Reset Profile Information

v Enable Profiling

Figure 3-7. Tools Menu: Enable Profiling for a_dot_c
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Exercise One: Building and Running a C Program

Profiling will be performed when you run the a_dot_c program.
When the profile is enabled, a check mark appears beside the
Enable Profiling command on the Tools menu. By default,
profiling is disabled.

. From the Tools menu, choose Profile. Then choose Add/Remove

Profile Ranges to open the Profile Ranges dialog box, shown in
Figure 3-8.

Profile Ranges EHE

—Mew Profile Range

Remaowve Al

oK
Start address: Ia_dc:t_c: Browse... _l
Cancel |
End address: IUH2I:|5 Browse... |
Memany type: |PM j
Add I
Prafile
Start Address I End Address I Memary Type I FRemove |
a_dot_c a_dat_d Fhd

Figure 3-8. Profile Ranges Dialog Box

. In the New Profile Range group box, complete the address boxes

as follows:

Start address

Click the Browse button next to this box to open the Browse
Program Symbols dialog box. Select a_dot_c, the label identifying
the start of the function, and then click OK to enter the label in the
Start address box.

3-14

VisualDSP++ 2.0 Getting Started Guide for ADSP-21xx DSPs



Tutorial

End address
Type 0x2d5, the address of the last instruction in the function

a_dot_c.
4. Click Add.

The profile defaults to Memory type PM (Program Memory),
which is required for this example.

5. Click OK to exit the Profile Ranges dialog box and return to the
Disassembly window.

6. From the View menu, choose Debug Windows, and then choose
Profile. The Profile window displays the results of the profiling
session. You can drag and dock the window to the top of the main
window (directly under the toolbars) to improve the column view.

The Profile window shows the address range that you just
specified. To collect profile information, however, you must run
the program.

7. From the Debug menu, choose Restart. From the Tools menu,
choose Profile, and then choose Reset Profile Information.

8. Press F5 to run the program. The program runs to the breakpoint
setat main().

9. Clear the text displayed on the Console tab page as follows:
a. Right-click on the Console tab page in the Output window.
b. Choose Clear from the popup menu.
Press F5 to continue running the program.

The program computes the dot products and writes the results to
the Console tab page. When the program is finished running, the
message “Halted” appears in the status bar at the bottom of the
main window.
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Exercise One: Building and Running a C Program

The Profile window (Figure 3-9) now contains the results of
running the C program. Later in this tutorial, you will compare
these results with a profile of the assembly language function
a_dot_c_asm.

Start Addrl End Addx | Hemnox | Exec X | Ezxec Cycles | Exec Count | FEead Count | Write Count
161 812 1]

a_dot_c

EIE |

a_dot_d FH 0.437441% 161

|

Figure 3-9. Profile Window: Results of the C Function Profile

The fields in the Profile window are described as follows:

Exec %

The total number of clock cycles spent executing instructions in
the specified range compared to the total number of cycles spent
executing instructions

Exec Cycles
The total number of clock cycles, including all wait states and extra
cycles, spent while executing instructions within the profile range

Exec Count

Number of instructions executed in the profile range. This value is
0 when the profiled memory space does not contain instructions.
Profiling data memory would result in a 0 Exec count.

Read Count
Number of memory reads from any address in the profile range.
The read count includes instruction fetches.

Write Count
Number of memory writes to any address in the profile range

You are now ready to start Exercise Two.
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Exercise Two: Modifying a C Program to
Call an Assembly Routine

In Exercise One, you built and ran a C program. In this exercise, you will
modify this program to call an assembly language routine, rebuild the
project, and profile the assembly function. The project files are largely
identical to those of Exercise One. Minor modifications illustrate the
changes needed to call an assembly language routine from C source code.

Step 1: Create a New Project

To create a new project:

1. From the Project menu, choose Close to close the dotprodc
project. Click Yes when prompted to close all open Editor
windows.

If you have modified your project during this session, you are
prompted to save the project. Click No.

2. From the Project menu, choose New to open the Save New Project
As dialog box, shown in Figure 3-10.

Save New Project As
Savein: I 29 dot_product_c j - I‘j{ =~
debug
release
@ dotprode.dpj
File name: I Cave I
Save as type: | Project Files [*.dpi) =] Cancel |
A

Figure 3-10. Save New Project As Dialog Box
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Exercise Two: Modifying a C Program to Call an Assembly
Routine

3. Click the up-one-level button until you locate the
dot_product_asm folder, and then double-click this folder.

4. In the File name box, type dot_product_asm, and click Save.

The Project Options dialog box (Figure 3-11) appears.

Project Options ﬂ E
Project | General I Compile I Azzemble I Lirk I Load I Pogt Build I
— Target
Processor  [mitladE
Type: IDSF' executable file ﬂ
N ame: Idot_pmduct_asm
— Tool Chain
Compiler: IE Carnnpiler far 219 ﬂ
Agsembler: I.&DSF’-21 9x ELF Azsembler ﬂ
Linker: I.-’-‘«DI Family Linker Driver j
Loader: |21 9% Family Loader j
Splitter: I j
Settings for configuration: | Debug j
oK I Cancel |

Figure 3-11. Project Options Dialog Box: Project Tab Page

This dialog box enables you to specify project build information.

5. Take a moment to view the tab pages in the Project Options
window: Project, General, Compile, Assemble, Link, Load, and
Post Build. On each tab page, you specify the tool options used to
build the project.
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6. On the Project tab page (Figure 3-11), specify the following

values:
Box Value
Processor ADSP-2191
Type DSP executable file
Name dot_product_asm
Settings for configuration Debug

These settings specify information for building an executable file
for the ADSP-2191. The executable contains debug information,
SO you can examine program execution.

7. Click the Compile tab to display the Compile tab page, shown in
Figure 3-12.
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Exercise Two: Modifying a C Program to Call an Assembly
Routine

Project Options E

F'miectl General Compile |.ﬁ.ssemble| Link I Load I F'DstBuiIdI

Category: [ General |
General
’]7 Erable optimization ¥ Generate debug information
Stop after
[™ Preprocessor [ Compiler ‘

Compiler Dialect
’7|_ Dizable builtin functions [~ Use ANSI standard ‘

Additional O ptions:

[].4 I Cancel |

Figure 3-12. Project Options Dialog Box: Compile Tab Page

Complete the General group box as follows:

» Select the Enable optimization check box to enable
optimization.

» Select the Generate debug information check box, if it is not
already selected, to enable debug information for the C
source.

These settings direct the C compiler to optimize code for the
ADSP-2191 DSP. Because the optimization takes advantage of DSP
architecture and assembly language features, some of the C debug
information is not saved. Debugging is, therefore, performed
through debug information at the assembly language level.
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8. Click OK to apply changes to the project options and to close the
Project Options dialog box.

You are now ready to add the source files to the project.

Step 2: Add Source Files to dot_product_asm

To add the source files and Linker Description File to the new project:

1. Click the Add File button ! , or from the Project menu, choose
Add to Project, and then choose File(s).

The Add Files dialog box (Figure 3-13) appears. The four files are
added to the project.

Add Files 7]
Loak in: Ia dot_product_asm j - r:j( ES-

| dotprod.c

Q dokprod_func.asm
El dokprod_main.c
9 dokprodasm, df

File name: || Add
Files of type: IAII Source Files [ *.c. ®cpp, *.cxx. *asm, *.5, j Cancel |
2|

Figure 3-13. Add Files Dialog Box: Adding Source Files to the
Project

2. In the Look in box, locate the project folder, dot_product_asm.
3. In the Files of type box, select All Source Files.

4. Press and hold down the Ctrl key and click on dotprod.c,
dotprod_func.asm, dotprod_main.c, and dotprodasm.1df. Then

click Add.
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Routine

To display the files that you added in step 4, open the Source
Files folder and Linker Files folder in the Project window.

You are now ready to modify the sources to call the assembly function.

Step 3. Modify the Project Source Files

In this procedure, you will:
e Modify dotprod_main.c tocall a_dot_c_asm instead of a_dot_c
e Save the modified file

To modify dotprod_main.c to call the assembly function:

1. In the Project window, double-click dotprod_main.c.

The C source file opens in an Editor window. Resize or maximize
the window for better viewing.

2. From the Edit menu, choose Find to open the Find dialog box,
shown in Figure 3-14.

L, - [~

Find what, | | | Findnex |
[~ tatch Case Direction b ark, Al
:  Up
[ Regular expression & Down Cancel |
¥ ‘wrap around search

Figure 3-14. Find Dialog Box: Locating All Occurrences of /*

3. In the Find What box, type /*, and then click Mark All.
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The Editor bookmarks all lines containing /* and positions the
cursor at the first instance of /* in the extern a_dot_c_asm
declaration.

4. Select the comment characters /* and use the Ctrl+X key
combination to cut the comment characters from the beginning of
the a_dot_c_asm declaration. Then move the cursor up one line
and use the Ctrl+V key combination to paste the comment
characters at the beginning of the a_dot_c declaration. Because
syntax coloring is turned on, you will see the code change color as
you cut and paste the comment characters.

Repeat this step for the end-of-comment characters */ at the end of
the a_dot_c_asm declaration. The a_dot_c declaration is now fully
commented out, and the a_dot_c_asm declaration is no longer
commented.

5. Press F3 to move to the next bookmark.

The Editor positions the cursor on the /* in the function call to
a_dot_c_asm, Which is currently commented out. Note that the
previous line is the function call to the a_dot_c routine.

6. Press Ctrl+X to cut the comment characters from the beginning of
the function call to a_dot_c_asm. Then move the cursor up one
line and press Ctrl+V to paste the comment characters at the
beginning of the call to a_dot_c.

Repeat this step for the end-of-comment characters =/. The main()
function should now be calling the a_dot_c_asm routine instead of
the a_dot_c function, previously called in Exercise One.

Figure 3-15 shows the changes made in step 6.
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[»] Analog Devices YisualDSP++ - [Target: PO{ADSP-2191) ADSP-2191 {Single) Sinulator ] - [Project: dot_product_asm.dpj] [H=] E3
File Edit Session “iew Project Register Memory Debug Settings Tools ‘Window Help

DEHS (8 |[|[r @ [ MALHTD 4%%%||ak 2|

3 Gk |5 b b | @ g % |[Debug Henzac@ |

ELERE S (Mg m B OO0 e &R &

ﬂ Start Addr| End addr | Memory | Exec % | Exec Cycles | Exec Count | Read Count | Write Count |

a_dot_co = dot_d  PM 0.437441% 161 161 g12 0

I»]

B dotprod_main.c * O] <]
int result[3] = {0}: =

result[0] = a dot_b{ a, b ):

T result[l] = a dot cf a, c ;%7
C] result[l] = a dot_c_asm( a, © );
[ Header Files result[2] = a dot df a, d }:
=23 Linker Files ) ) )
- dotprodasm.Idf for( i=0; i<3: i+t )
printf( "ot product [%d] = %d\vn", i, result[i] ):
} _I
L ' hd
¥y Project I o 1 L 7
= S|
33 | =
a 4| 4| blbll\ Gonsole /4 Build / ”—L" LI
Ready [Haled Line 121, Col 37 [oo00EFCS UM 7

Figure 3-15. Editor Window: Modifying dotprod_main.c to Call
a_dot_c_asm

7. From the File menu, choose Save to save the changes that you just
made to the file.

8. Place the cursor in the Editor window. Then, from the File menu,
choose Close to close the dotprod_main.c file.

You are now ready to modify dotprodasm.1df.
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Step 4: Modify dotprodasm.ldf

In this procedure you will:

View the Linker Description File to see what information and
specifications are included

Modify the Linker Description File to link against the a_dot_c_asm
assembly routine

To examine and then modify dotprodasm.1df to link with the assembly
function:

1.

In the Project window, double-click dotprodasm.1df to open the
file for editing.

Use the scroll bar on the right side of the window to scroll through
the .Idf file. The beginning of the file contains the ADSP-2191
memory map, which describes the processor’s physical memory.

Following the memory map are commands (SEARCH_DIR and
$0BJECTS) used to define the path names that the linker uses to
search and resolve references in the input files.

Next is the MEMORY command, which defines the system’s physical
memory and assigns labels to logical segments within it. These
logical segments define program, data, and stack memory types.
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Following the MEMORY command is the SECTIONS command. The
secTIons command defines the placement of code in physical
memory by mapping the sections specified in program files to the
sections declared in the MEMORY command. The INPUT_SECTIONS
statement specifies the object file that the linker uses to resolve the

mapping.

2. Try to build the project by performing one of these actions:

e Click the Build Project button
e From the Project menu, choose Build Project.

Notice the linker error in the Output window, shown in
Figure 3-16.

[Warning W4000] ;I
The following input section(=s) that contain program code
and<or data have not been placed into the executable for
processor pl

a= there are no relevant command= specified in the linker
description file.

S

Filenamne Input Section
C:~PROGRAM FILES-AWALOG DEVICES-VISUALDSP~219¥~EXAMPLES-~TUTORIAL~DOT_FPRODUCT ASH-DEEL

[Exrror E2007] symbol '_a dot_c asm' referenced in file 'C:~PROGEAH FILES-ANATOG DEVICE
Linker fini=hed with 1 errori(=) 1 warningi(s)

cc2l9x: Fatal Error: Link failed

Tool failed with exit-sexception code: 1.

Euild was unsuccessful .

[R4KN

o1 LA A e el f Console A Build ||LL|

Figure 3-16. Output Window: Linker Error

The reference to _a_dot_c_asm could not be resolved because that
code has not been placed into the target program’s memory. You

must change the secTions command in the .1df file to inform the
linker where to place the code.

3-26 VisualDSP++ 2.0 Getting Started Guide for ADSP-21xx DSPs



Tutorial

3. Inthe PROCESSOR section, change the secTions command as

follows:

Change this code...

To this code...

sec_code
{

INPUT_SECTIONS ( $0BJECTS(program)
$LIBRARIES(program)

} >mem_code

)

sec_code
{

INPUT_SECTIONS ( $0BJECTS(program)
$LIBRARIES(program)

dotprod_func.doj (my_asm_section) )

} >mem_code

When you re-link the project, my_asm_section will be placed in the

mem_code memory segment.

4. From the File menu, choose Save to save the modified file.

As shown in Figure 3-17, your project dot_product_asm.dpj
should now contain the files dotprod.c, dotprod_main.c,
dotprod_func.asm, and dotprodasm.1df.

Project: dot_product_asm.dpj [EE3}

ui-] dot_product_asm

El a Source Files

dotprod_func. asm
i e . dotprod_main. o
------ [0 Header Files
El a Linker Files

------ . dotprodasm. df

ﬁ Project I

Figure 3-17. Files in the dot_product_asm Project

You are now ready to rebuild and run the modified project.
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Step 5: Rebuild and Run dot_product_asm
Torun dot_product:

1. Build the project by performing one of these actions:

« Click the Build Project button EH
» From the Project menu, choose Build Project.

At the end of the build, the Output window displays the following
message on the Build tab page:

“Build completed successfully.”

VisualDSP++ loads the program, runs to main, and displays the
Output, Disassembly, and Profile windows (shown in
Figure 3-18).
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[»] Analog Devices ¥isualDSP++ - [Target: PO{ADSP-2191) ADSP-2191 {Single) Simulator ] - [Project: dot_product_asm.dpj]
File Edit Session Yiew Project Register Memory Debug Settings Tools ‘Window Help

M=l E3

o]

DSHS| %

[fme o mfcnEa 4%%%]|[nuee]

IE)=R=0=

EBES DU W B G0 DR

Start Addr‘ End Addr | Hemory | Exec X

| Exec Cycles | Exec Count | Read Count

| Write Count

Ox2bd 0x2d5 FH

=
2l

32Z2.000000% 16l

16l B12 0

g 1| I_’I
B dotprod_main.c [T A || [Cisassembly
woid maini) - nain |
{ @ [0002E6] |dm{zd+=nE)=iE, 315 = 14 |
int i: D [0002B7] 11=0=x803a;
int result[3] = {0}: & [DO0ZBE] pop pc:
F [0002B9] push pe:
result[0] = a dot_b{ a, b }; P [000ZBA] 10=i5; _
it result[l] = a dot_cf a, ¢ 1;%/ L [000ZEE] axl=dm{il+=1}:
result[l] = a dot_c_asn( a, c }; [O00Z2EC] dm(id+=m5)=stacka;
result[2] = a dot df a, d }: [000Z2ED] modify {(i0+4=-8):
-7 | [0002EE] dmi{i0+=1)=a=l:
for{ i=0; i<3; i++ ) - [000ZEF] si=dm{il+=1}: .
| v | | :fJ

"C:~Progran Files“Analog Devices~VisualDSPhoccild9=. exe”

sDebughdotprod.doj . \Dehug\dotprod_;l

Build completed successfully.

TR
)

.-;;: LA M Gonsale A, Build

|Halted |Line 1, Cal'1 |oooooozz

Figure 3-18. Windows Left Open at the End of the Previous
Debugger Session

Click the Run button to run dot_product_asm.

The program calculates the three dot products and displays the
results on the Console tab page in the Output window. When the
program stops running, the message “Halted” appears in the status
bar at the bottom of the window. The results, shown below, are
identical tothe results obtained in Exercise One.

Dot product [0] = -30213
Dot product [1] = -17646
Dot product [2] = 24326

You are now ready to profile the a_dot_c_asm assembly function.
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Step 6: Set up the Profile of a_dot_c_asm

In this procedure, you will profile the a_dot_c_asm function as follows:

e Enable profiling to collect execution information during the next
run of the program

e Define the start address and end address of the code segment to be
profiled

To profile the a_dot_c_asm function:

1. From the Tools menu, choose Profile and then choose Enable
Profiling if it is not checked (V).

Tools

Trace g

AddfRemove Profile Ranges...

Linear Profiling  » Reset Profile Information

v Enable Profiling

Figure 3-19. Tools Menu: Enable Profiling for a_dot_c

2. From the Tools menu, choose Profile and then choose
Add/Remove Profile Ranges.

The Profile Ranges dialog box (Figure 3-20) appears.

3. Click the Remove All button to remove the profile ranges that you
set up in Exercise One.
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Profile Ranges [ 7] |

— Mew Profile B ange

Start address: I_a_th_C_EISI'ﬂ Browze. ..
End address; Iasm_enu:l Brovese. ..

kemory bpe: IF'M

ok

Cancel

i

Jl

&dd

Profile
Start Addrezs | End Address | bemary Type | Femove
_a_dob_c_asm azm_end Phd

Remove All

i

Figure 3-20. Profile Ranges Dialog Box: Set the Start and End
Addresses for Profiling the a_dot_c_asm Function

4. In the Start Address box, type _a_dot_c_asm, the starting address
of the a_dot_c_asm function. You can also use the Browse button
to locate and enter this label.

5. Inthe End Address box, type (or browse for) asm_end, the address
of the instruction that returns to main().

6. Click Add to add this range to the Profile list, and then click OK to
exit the Profile Ranges dialog box.

The Profile window contains the profile range that you just
defined.

You are now ready to run the dot_product_asm program.
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Step 7: Run dot_product_asm

Torun dot_product:

1. Click the Restart button =& , or from the Debug menu, choose
Restart.

2. From the Tools menu, choose Profile, and then choose Reset
Profile Information to reset the profile information collected in a
previous run.

3. Click the Run button (or press F5) to run the program.

The program halts at the first executable instruction in the main
function.

4. Right-click on the Console tab page and choose Clear from the
popup menu to clear the text on the Console tab page.

5. Press F5 to continue running the program.

After computing the dot products, the program writes the results to
the Console tab page in the Output window. The program halts at
__1ib_prog_term and displays the profile results in the Profile
window, as shown in Figure 3-21.

Start Addr | End Addr | Hemor: | Ezec & | Ezec Cycles | Ezec Count | Eead Count | Write Count
_a_dot_c_asm asn_snd FM 0.122643% 45 45 188 o

E 4| LI

Figure 3-21. Results of the Profile of the Assembly Language Function
a_dot_c_asm.

You are now ready to compare the profile results.
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Step 8: Compare the Profile Results

You have now profiled two functions that solve the same problem (each
computes a dot product). One function is written in C and one is written
in assembly. Table 3-1 compares the results of the two versions. The
hand-coded assembly version shows a significant performance boost.

Note: Your actual values may differ slightly from those shown in the
following table, depending on the compiler version that you are using.

Table 3-1. Profile Results: a_dot_c vs. a_dot_c_asm

Function Exec % Exec Exec Read Write
Cycles Count Count Count

a_dot_c 0.437441% 161 161 812 0

_a_dot_c_asm | 0.122643% 45 45 188 0

Assembly language routines have two advantages over C code. First, the
assembly instruction set is optimized for the processor. The instruction set
supports multifunction, parallel operation instructions that provide highly

specialized optimizations and perform multiple operations that complete
in a single cycle.

Second, programs coded in assembly also have low overhead, compared to
programs coded in C. When you code in assembly, you save only the used
registers. When you code in C, the compiler saves and restores reserved
registers. The C code operates in a run-time environment, defined for the
DSP, which also adds some overhead to the code.

You are now ready to start Exercise Three.
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Exercise Three: Plotting Data

In this exercise, you will load and debug a pre-built program that applies a
simple Finite Impulse Response (FIR) filter to a buffer of data. You will
use VisualDSP++’s plotting engine to view the different data arrays
graphically, both before and after running the program.

Step 1: Load the FIR Program

To load the FIR program:

1. Keep the Disassembly window and Console tab page (in the
Output window) open, but close all other windows (such as the
Profile window) still open from the previous exercises.

2. From the File menu, choose Load Program or click E' .
The Open a Processor Program dialog box appears.
3. Select the FIR program to load as follows:

a. Open your Analog Devices folder and double-click the
following sub-folders in succession:
VisualDSP\219x\Examples\Tutorial\fir\debug

b. Double-click fir.dxe to load the program in an Editor window
(Figure 3-22).
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[#] &nalog Devices YisualDSP++ - [Target: PO{ADSP-2191) ADSP-2191 {Single) Simulator ] - [Project: dot_product_asm.dpj] M=l B3
File Edt Session ‘iew Project Register Memory Debug Settings Tools ‘window Help

DEFES|5g s 2r[oc|hehTa|s%an]||ae?]
@a|%%%|@lﬁ|”mhug vIHEED%@‘
BRES OPD| BP0 IR
B Fir_test.asm [_[O] <] Jis
.gection/pu daraZ: Al I_Vreset d
VAR  COEFF[Taps] = "coeff 1.dat"; @ [000000] Jump staxt [ +619]; |
[000001] nop;
/% PM interrupt vector code */ [000002] nop:
. section/pm IVreset; [000003] nop:
| JUME start; NOP; NOF; NOE; | [ooonng]
[oooons]
/% Program memory code */ [oooooe] J
. SeCTLion/pL program; [oooon?l
start: [oooone]
I0=Delay Line; /% Initialize de [0oooong]
Ml o= 1; [oooonal
Il = IN; /% Initialize In [00000E]
1z = OUT; /% Initialize Ou [oooooncy
L1=0: /% Initialize fo [0o000D]
Lz=0: /% Initialize f_olj [00000E] .
K1 — Ho || _’|J
x| Loading C:~Frogram Files“Analog Devices\VisualDSP\Z19H\Examples\TutDr1al\fir\debug\ﬁﬂ
i Load complete.
3y =
S LA A Gonsote A Build |ETNE
Rleady Halted |Line: 36, Col 1 [poDODOOD [ [ 4

Figure 3-22. Loading the FIR Program

4. Look at the source code of the FIR program.

You can see two global data arrays:
< IN
. ouT

You can also see one function, fir, that operates on these arrays.

You are now ready to open a Plot window.
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Step 2: Open a Plot Window
To open a plot window:

1. From the View menu, choose Debug Windows and Plot. Then
choose New to open the Plot Configuration dialog box, shown in

Figure 3-23.
Plot Configuration H
: [rata sets: . Plat
: e | Line Plat |
Tite: [Uniitied
— Data Setting
M arme: IData Setl
M emary; IDM j
Address: I— ml Dffget: ID—
Add Count; |1DD— Row count: I'IEI—
Femove | Stride: |1— Calurnr count:l'lﬂ—
Hew | Data: Iint j
Az Selection
I £y Fy C2 |
’TI Cancel | Settings... |

Figure 3-23. Plot Configuration Dialog Box: Specifying Data Sets
to Be Plotted

Here you will add the data sets that you want to view in the Plot
window.
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2. In the Plot group box, specify the following values:

In the Title box, type fir.

In the Type box, select Line Plot from the drop-down menu.

3. Enter two data sets to plot by using the values in Table 3-2.

After entering each data set, click Add to add the data set to the
Data Sets list, as shown in Figure 3-24.

Table 3-2. Two Data Sets: Input and Output

Box

Input Data Set

Output Data Set

Description

Name

Input

Output

Data set

Memory

DM

DM

Data memory

Address

IN

ouT

The address of this
data set is that of the
Input or Output
array.

Click Browse to
select the value from
the list of loaded
symbols.

Count

128

128

The array is 512
elements long, but
you are plotting the
first 128 elements.

Stride

The data is
contiguous in
memory.

Data

int

int

Input and Output are
arrays of int values.

VisualDSP++ 2.0 Getting Started Guide for ADSP-21xx DSPs 3-37



Exercise Three: Plotting Data

The Plot Configuration dialog box should now look like this:

Plot Configuration EE
[1ata sets: — Plat
[w] | ot _ -
7 Clutput Tuype: |L|ne Flat j
Tite:  |fir
— Data Setting
Mame: IData Setl
r e IDM j
Address I Browse...l Offzat: ID
Add Count: |1EIEI Row count; |1 ]
Bemove | Stride; |1 Colurin count:I'ID
Hew | Data: Iint j
Axiz Selection
P e 2 |
ok I Cancel | Settings... |

Figure 3-24. Plot Configuration Dialog Box: Entering the Input
and Output Data Sets

4. Click OK to apply the changes and to open the Plot window with

these data sets.

The Plot window now displays the two arrays. Since, by default,
the Simulator initializes memory to zero, the Output data set
appears as one horizontal line, shown in Figure 3-25.
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| [ [Line Plat [

Figure 3-25. Plot Window: Before Running the FIR Program

Step 3: Run the FIR Program and View the Data

To run the FIR program and view the data:

1. From the Settings menu, choose Breakpoints to open the
Breakpoints dialog box (Figure 3-5 on page 3-11). Then set two
breakpoints as follows:

a. In the Break at box, type or browse for per_bin and click OK.
Then click Add. A breakpoint at “Fir_test.asm” .71 appears
in the Breakpoint list box.

b. In the Break at box, type or browse for looping and click OK.
Then click Add. A breakpoint at “Fir_test.asm” .73 appears
in the Breakpoint list box.

c. Click OK to exit the dialog box.

2. Perform one of these actions to run to the breakpoint at per_bin:

e Click the Run button .

e From the Debug menu, choose Run.

VisualDSP++ 2.0 Getting Started Guide for ADSP-21xx DSPs 3-39



Exercise Three: Plotting Data

Once the program finishes running to per_bin, the message
“Halted” appears in the status bar at the bottom of the screen. The
Plot window should now show the partial output of the FIR filter.
Run the program a few more times to the breakpoint at per_bin to
see the output generated.

3. From the Settings menu, choose Breakpoints to open the
Breakpoints dialog box (Figure 3-5 on page 3-11). Then select the
breakpoint at “Fir_test.asm” .71 (per_bin) and click Delete.
Click OK to exit the dialog box.

4. Press F5 or click the Run button to run to the end of the
program. When the program halts, you see the results of the FIR
filter in the Output array. The two data sets are now visible in the
Plot window, as shown in Figure 3-26.

[»] Analog Devices YisualDSP++ - [Target: PO{ADSP-2191) ADSP-2191 (Single) Simulator ] - [Project: dot_product_asm.dpj] =] [E3
File Edit Session Wiew Project Register Memory Debug Settings Tools Window Help

DEHE|(sY ||+ 28 o MACHTA[433% [we |

Sk |t | s by O] |[EMBSE

ENE e MRUR g RN | o

B Fir_test.asm [CIELx] | - x|
|

CHTE = Nuw Bins: % Num_
do per_bin until CE;

call fir (db);

I4=COEFF: #% Loac

nop:
per_hin:
nop:

per_bin ;l

& Looping:  JUMP looping: A+ Loo] [000283] nop,

looping
@ [000284] [Jump looping [.+0]: |
D [000285] push pe:
&
F

[000286] si=dn(id+2):
[000287] dil==i; x

Toad conplete B
Hit BreakPoint At Address 0=283
Hit BreakPoint At Address 0=284

vir|EAEA |i
B
=

Fx i
Sl [T, consote /4 Bui 7 el >
Ready |Halted lLine 71, ol 1 [000040FD: HUM v

Figure 3-26. Plot Window: After Running the FIR Program to
Completion
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Next you will zoom in on a particular region of interest in the Plot
window to focus in on the data.

5. Click the left mouse button inside the Plot window and drag the
mouse to create a rectangle to zoom into. Then release the mouse
button to magnify the selected region.

Figure 3-27 shows the selected region, and Figure 3-28 shows the
magnified result.

I Lina Flot

Fia e} Ling Piot

Figure 3-28. Plot Window: Magnified Result
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To return to the previous view (before magnification), right-click
in the Plot window and choose Reset Zoom from the popup menu.

You can view individual data points in the Plot window by
enabling the data cursor, as explained in the next step.

. Right-click inside the Plot window and choose Data Cursor from

the popup menu. Then move through the individual data points in
the current data set by pressing and holding the Left () and Right
(- ) arrow keys on the keyboard. The value of the current data
point appears in the lower-left corner of the Plot window, as shown
in Figure 3-29.

To switch data sets, press the Up (1) and Down (1) arrow keys.

51, 15497) [Input] [Zoom  |Line Plok l_

Figure 3-29. Plot Window: Viewing Individual Data Points by
Using the Data Cursor Feature

. Right-click in the Plot window and choose Data Cursor from the

popup menu.

In the next step, you will look at data sets in the frequency domain.
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8. Right-click in the Plot window and choose Modify Settings to
open the Plot Settings dialog box. Then complete these steps:

a. Click the Data Processing tab.

b. In the Data Sets box, make sure that Input (the default) is
selected. In the Data Process box, choose FFT Magnitude.

c. Inthe Data Sets box, select Output. In the Data Process box,
choose FFT Magnitude.

d. Click OK to exit the Data Processing tab page.

VisualDSP++ performs a Fast Fourier Transform (FFT) on the
selected data set before it is plotted. FFT enables you to view the
signal in the frequency domain, as shown in Figure 3-30.

| | [Line Flat [

Figure 3-30. FTT Performed on a Selected Data Set

You are now ready to start Exercise Four.
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Exercise Four: Linear Profiling

In this exercise, you will load and debug the FIR program from the
previous exercise. You will use linear profiling, however, to evaluate the
program’s efficiency and to determine where the application is spending
the majority of its execution time in the code.

Tip: VisualDSP++ supports two types of profiling: linear and statistical.

e You use linear profiling with a simulator. The count in the Linear
Profiling Results window is incremented every time a line of code is
executed.

e You use statistical profiling with a JTAG emulator connected to a
DSP target. The count in the Statistical Profiling Results window is
based on random sampling.

Step 1: Load the FIR Program

To load the FIR program:

1. Close all open windows except for the Disassembly window and
the Output window.

2. From the File menu, choose Load Program, or click §| .
The Open a Processor Program dialog box appears.
3. Select the program to load as follows:

a. Openthe Analog Devices folder and double-click the following
sub-folders in succession:

VisualDSP\219x\Examples\Tutorial\fir\debug

b. Double-click fir.dxe to load and run the FIR program.
VisualDSP++ opens an Editor window.
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You are now ready to enable linear profiling.

Step 2: Enable Linear Profiling

To enable linear profiling:

1. From the Tools menu, choose Linear Profiling, and then choose
Enable Profiling.

Tools
Trace g
Profile k
Linear Profiling  * Load Profile. ..
Save Profile. ..
_oncakenate Profile. ..
lear Profile

v Enable Prafiling

Figure 3-31. Enabling Linear Profiling for
the FIR Program

A check mark appears beside Enable Profiling to indicate that
linear profiling is enabled.

Linear profiling will be performed when you next run the FIR
program. By default, linear profiling is disabled.

2. From the View menu, choose Debug Windows. Then choose
Linear Profiling Results to open the Linear Profiling Results
window, shown in Figure 3-32.
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[»] Analog Devices ¥isualDSP ++ - [Target: PO{ADSP-2191) ADSP-2191 {Single) Simulator ] - [Project: dot_product_asm.dpj] M=l E3

File Edit Session VYiew Project Register Memory Debug  Settings Tools ‘Window Help

DEHS(EY [t oo WA HTa 454K w22
S e =1 Y= 02
HBES OeTE(® G0 DEO
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| EE I %] Executi %] Li [E I
g
= | Total Samples: 0 |Elapsed Time: 00:00:00 |Enabled
B Fir_test.asm Disassembly x|
.zection/pn dataz; IVreset -]
VAR COEFF[Taps] = "coeff 1.dac” = [000000] [Jump start [.+619]; |
- [000001] nop;
A% PM interrupt wector code ¥/ [000002] nop:; J
.section/pn IVreset; [000003] nop:
= | TUMP_start: NOP; NOP; MOE; | [0o00004]
[ooooos]
A% Program memory code ¥/ [ooonoe] =
.Section/pm program; LI »
x| Hit BreakFoint At Address 0x284 d
| Loading C:~Frogram Files“Analog DevicesVi=ualDSP~219x~Ezamnple=~Tutorial-~fir~debug™.]
55_ Load complete.
a2 ry zl
o LA AL e [ Console A Build |I—L|‘ ﬂ
Ready |Halted Line 38, Cal 1 00000000 HUIM v

Figure 3-32. Linear Profiling Results Window (Empty)

The Linear Profiling Results window is intially empty. After you
run the program and collect data, this window displays the results
of the profiling session.

For a better view of the data, use the window’s title bar to drag and
dock the window to the top of the VisualDSP++ main window.

You are now ready to collect and examine linear profile data.
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Step 3: Collect and Examine the Linear Profile Data
To collect and examine the linear profile data:

1. Set a breakpoint at the 100ping label if one is not set.

2. Press F5 or click to run to the end of the program.

When the program halts, the results of the linear profile appear in
the Linear Profiling Results window.

3. Examine the results of your linear profiling session.

The Linear Profiling Results window is divided into two,
three-column panes. The left pane shows the results of the profile
data. Double-clicking on a line in the left pane displays the
corresponding source code for the profile data in the right pane, as
shown in Figure 3-33.

Hiztogram | "/ol Ezecution .+ "/ol Line Ho. | C:“Program Files“Analog Devices. .. |ﬂ
86.72%  Fir.asm (... 86.72% 70 .end_repeat
2.89% Fir.asm (... 2. 89% 71 MRE=MR+MX0=MY0(S5), MX0=D...
2. 89 Fir.asm (... 7 2. 89% 72 SR=ASHIFT MEZ2 (HI), ME.. .
2.89% Fir.asm (... 2. B9% 73 SE=SR OR LSHIFT ME1 (L...
] 2.89% Fir.asm (... 74 mult_acc:
E 0.43% Fir_test.... 2. 89% 75 MR = 0, DM(I2 M1)=SR0O;...
[ 0.22% Fir.asm (. 0.07% 76 rtz (db):
£ 0.19% Fir_test. 0.07% 7 ME0 = DM{IO, M1); .
= 0.07% Fir.asm ( 0.22% 78 MX0 = DM{I1,H3).
& 0.07% Fir.asm ( 79 J
n 30 -
= |Tota| Samples: 16605 [Elapsed Time: 00:00:02 [Enabled

Figure 3-33. Linear Profiling Results of Analyzing the Performance of the
FIR Program
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The field values in the left pane are defined as follows:

Histogram

A graphical representation of the percentage of time spent in a
particular execution unit. This percentage is based on the total
time that the program spent running, so longer bars denote more
time spent in a particular execution unit. The Linear Profiling
Results window always sorts the data with the most
time-consuming (expensive) execution units at the top.

%

The numerical percent of the same data found in the Histogram
column. You can view this value as an absolute number of samples
by right-clicking in the Linear Profiling Results window and by
selecting View Sample Count from the popup menu.

Execution Unit

The program location to which the samples belong. If the
instructions are inside a C function or a C++ method, the
execution unit is the name of the function or method. For
instructions that have no corresponding symbolic names, such as
hand-coded assembly or source files compiled without debugging
information, this value is an address in the form of pc[ xxx1, where
xxx 15 the address of the instruction.

If the instructions are part of an assembly file, the execution unit is
the assembly file followed by the line number in parentheses.

The left pane shows that one line of fir.asm has consumed over
86% of the total execution time. If you double-click this line, the
right pane displays the line (70) in the source file, fir.asm. The
source pane displays data for each line of executable code in the file
for which linear profile data has been collected.

Figure 3-34 shows the linear profile data for the fir function.
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Xl Line Ho. | C:~Program Files-Analog Devices. . . |i|
B2 fir:
0.07% 63 MR = 0, MEOD = DM{I1.M1). M¥Y.. .
0.07% bd DM{IO, M3y = MHD: .
65
0.07% B A CHTR=Samp=_per_ Bin:
0.07% 67 DD mult_acc UHTIL CE:
Ba .repeat (Taps—1); .
69 ME=ME+MX0=MY0O (55, MI0=D. ..
a6 . 725 70 .end_repeat J
2.89% 71 ME=ME+MX0=MY0O(S5). MEOD=D. . .
2.89% 72 SR=ASHIFT MRE:Z (HI). MX. . .
2.89% 73 SRE=5F COR LSHIFT ME1l (L. .. j

Figure 3-34. Linear Profile Data for the fir Function

The details of the fir function show that over 86% of the time
spent running the entire FIR program is spent inside the repeat
statement, which is part of the po loop.

You are now ready to start Exercise Five.
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Exercise Five: Multiprocessor Debugging

In this exercise you will create a multiprocessor (MP) simulator session
and explore the various features for debugging complex multiprocessor
systems. You will use synchronous MP commands to control multiple
targets, pin windows to specific processors, and use MP groups to control
multiple subsets of processors in an MP system.

Step 1: Create a Multiprocessor Simulator Session

To create a multiprocessor simulator session:

1. If necessary, start VisualDSP++. (VisualDSP++ automatically
connects to the last session that was open.)

2. From the Session menu, choose New Session to open the New
Session dialog box, shown in Figure 3-35.

Newsesson g |

Diebug target; Multiproceszor System:

I.-'l'-.DSP-E'I 3 Family Simulator j [w] POLADSP-213:] -
[w]P1[ADSP-219x)

Platform: [P2ADSP-219x)

I.&DSP-21 T [MP,8] Simulator j [CP3[A0SP-219x)
[CPHADSP-219x)

Sezszion name; [CIPSADSP-2195]

I.-'-‘-.DSF'-21 T [MP,E] Simulator [CPE[ADSP-219x) |

ak I Cancel |

Figure 3-35. New Session Dialog Box: Setting up a
Multiprocessor Simulator Session
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3. Create a new multiprocessor simulator session by specifying the
values listed in the following table:

Box Value

Debug Target ADSP-219x Family Simulator

Platform ADSP-219x [MP,8] Simulator

Session Name ADSP-219x [MP,8] Simulator Multiprocessor
Tutorial

4. Under Multiprocessor System, select the check boxes next to
processors PO and P1, as shown in Figure 3-35.

The check marks (v) indicate that these processors belong to the
default multiprocessor group created when VisualDSP++ attaches
to the session. Multiprocessor groups are described in greater detail
later in this exercise.

5. Click OK to create the session.

VisualDSP++ closes the current session and attaches to the new
multiprocessor session specified above.

Figure 3-36 shows the windows in the new multiprocessor session.
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[»] Analog Devices YisualDSP++ - [Target: ADSP-219x (MP,8) Simulator ] - [Project: dot_product_asm.dpj]
File Edit Session Wiew Project Register Memory Debug Settings Tools Window Help
DeEs sy |[t2eocnachra|e%ak |[wes
5 B b | S e X |[Debug A |[Bm e E
R L EEEE T
[ by x|
o [ooooon B
[000001]
[oonoonz]
[000003]
[oonon4d]
[oo0nons]
[000006] -
[oonoon7?]
[000008]
[oonone]
[000004]
Kl ;IJ
ﬂ ﬂ Processor | Skate |
PO Halted
& PL Halted
@pz Halted
@P3 Halted
z R Halted
- | ps Halted
% @ P Halted
El = @p7 Halted
E_} [4[ AT ¥ L], console £ Buid F el » [AT»Tr 1T status £ Growps 7
Ready [Halted I [oooooooo fom [ 4

Figure 3-36. VisualDSP++ Windows: After Creating a
Multiprocessor Session

. Take a moment to examine the session windows. Except for a few

minor changes, notice that a multiprocessor session looks nearly
identical to a single-processor session. The main differences are the:

e Multiprocessor window, with the tabs Status and Groups

« Name of the processor (such as P0) in the title bar of each
debug window displaying processor information

e Multiprocessor toolbar buttons to run five MP commands

The Multiprocessor window appears in the lower-right corner of
the VisualDSP++ main window, as shown in Figure 3-37.
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Processor | Skake
@ PO Halted
G Pl Halted
@ p2 Halted
&P Halted
P4 Halted
G PS Halted
@ PE Halted
@ p7 Halted

AT status £ Groups 7

Multiprocessar

Figure 3-37. Multiprocessor Window: Status Tab Page

The Status tab page lists each processor in the session and its
current status: Running, Halted, Stepping, or Unknown.

The title bar of each debug window (such as Disassembly,
Memory, or Registers) includes the name of the processor from
which information has been collected.

For example, the title bar of the Disassembly window shown in
Figure 3-38 indicates that information was collected from
processor PO.

P0: Disassembly

% [000000] | =
[000001]
[oooooz]
[000003]
[oooond]
[000005]
[00000&] J
[000007]
[000008]
[000009]
[00000A]
[00000B]

[oooonc] -
Kl »

Figure 3-38. Disassembly Window: Disassembled Instructions in
Processor PO
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Figure 3-39 shows the Multiprocessor toolbar.

ENEAEE R

Figure 3-39. Multiprocessor Toolbar: Provides Access to Common
Multiprocessor Commands

The buttons on this toolbar provide easy access to the following
commands:

Multiprocessor Run
[Ei Multiprocessor Restart
Multiprocessor Halt
iy Multiprocessor Step

& Multiprocessor Reset

You can also access these commands from the Debug menu by
choosing Multiprocessor.

You are now ready to change focus and pin windows.

3-54 VisualDSP++ 2.0 Getting Started Guide for ADSP-21xx DSPs



Tutorial

Step 2: Changing Focus and Pinning Windows

You can easily view data from any processor in the current session.
Displaying data from a different processor in the same window is called
changing focus. On the Multiprocessor window’s Status tab page
(Figure 3-37), the first processor listed, PO, is highlighted and currently
has focus by default.

During a debug session, you may want a debugger window to display the
data from only one particular processor and to maintain that focus as new
processors are selected. This feature is known as pinning a window.

To change focus and pin windows:

1. On the Multiprocessor window’s Status tab page (Figure 3-37),
click P1.

Notice that the title bar of the Disassembly window changes to
“P1: Disassembly” to indicate that this window is now focused on
processor P1. The window displays P1’s disassembled instructions.

2. Click on the text field to the right of address 000007 in the
Disassembly window to highlight the field in gray.

3. Type the instruction ax0=0x1234 and press Enter. The instruction
is written into P1’s memory, and the Disassembly window is
updated as shown in Figure 3-40 to reflect this new instruction.
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P1: Disassembly

& [000000] | -]
[DO0001]
[oooooz]
[000003]
[000004]
[000005]
[000006] _
[000007] axl=0=1234;
[ooonoge]
[ooooos]
[00000A]
[0000o0RB]

[oooooc] -
Kl ;IJ

Figure 3-40. Disassembly Window: Patching a New Instruction
into Processor P1’s Memory

4. Open a second Disassembly window from the View menu by
choosing Debug Windows and Disassembly.

Two Disassembly windows focus on processor P1, as shown in
Figure 3-41.
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[®] Analog Devices YisualDSP++ - [Target: ADSP-219x (MP,8) Simulator ] - [Project: dot_product_asm.dpj]
File Edit Session Wiew Project Register Memory Debug  Settings Tools  Window  Help

DFHZ (S ||[r=r e AaaRE B+ %35 ||ur 2|
G5 RGeS e 00 F|[EmEReE
EEE N L R
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= rooooon] [ |

[000001]

[000002] |

[000003]
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K1 Ll_l

P1: Disassembly
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[000007] axi=0x1234:

000008 [ T
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il ¥
. Processor I Skate I

<& PO Halted
@ P Halted
@ pz Halted
@ P3 Halted
= & Pd Halted
Z | s Halted
= o [ ee Halked
Bl o> 1| pr Halted
| AT, consote /£ Buia 7 RN = LA status £ Grougs 7
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Figure 3-41. Two Open Disassembly Windows Focused on
Processor P1

5. Select different processors from the Multiprocessor window’s
Status tab page (Figure 3-37) and notice that both Disassembly
windows change focus to the currently selected processor. Also
note that the ax0=0x1234 instruction is present only when the
Disassembly windows are focused on P1.

6. Select processor PO.

7. Right-click the mouse in the top Disassembly window and choose
Pin to Processor from the popup menu, shown in Figure 3-42.
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Figure 3-42. Selecting Pin to Processor

A small pin icon s8* appears in the title bar of the Disassembly
window. This icon indicates that the window is now “locked” onto
processor PO, and will always display data from PO, regardless of
the currently focused processor.

8. On the Multiprocessor window’s Status tab page (Figure 3-37),
select processor P1. Notice that the bottom Disassembly window
changes focus to processor P1 and that the top Disassembly
window stays focused on processor PO.

Figure 3-43 shows the top (P0) and bottom (P1) Disassembly
windows.
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[®»] Analog Devices YisualDSP ++ - [Target: ADSP-219x (MP,8) Simulator ] - [Project: dot_product_asm.dpj]
File Edit Session View Project Register Memory Debug  Settings Tools  ‘Window Help

DFHe (s ||t ce baanras3an||nw?|
=N e (=R == |
HEES O M| B0 e B E e | [ e

[ooooo1]

[ooonnz] _
[000003]
[000004] =

[000007] ax0=0=1234;

[000008] [ ]
[000009) -

[00000&]
=
»

~ Processor | Stake |
@ PO Haled

®
Pz Halted
G P3 Halted
- R P Halted
2 | < ps Halted
= | o pe Halted
El .y A | R P7 Halted
=l [ATATETRT Consote /4 Buid 7 [IEHN] B [A[ATE o] status A Graups /

Ready |Halted [ |oooooooo UM 4

Figure 3-43. Pinning a Disassembly Window

The top Disassembly window is shaded gray to indicate that it is
not displaying data from the currently focused processor. When

many windows are open simultaneously during a debug session,

shading helps you see which windows are focused on the current
processor.

9. Right-click in the bottom Disassembly window and choose Pin to
Processor from the popup menu.

The bottom Disassembly window is now pinned to P1.

You are now ready to load programs in a multiprocessor session.
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Step 3: Loading Programs in a Multiprocessor
Session

To load programs to all the processors in a multiprocessor session:

1.

On the Multiprocessor window’s Status tab page (Figure 3-37),
select PO to set focus to processor PO.

Click the Load Program button |, or from the File menu, choose
Load Program. The Open a Processor Program dialog box
appears.

Open your Analog Devices folder and double-click the following
sub-folders in succession:
VisualDSP\219x\examples\tutorial\dot_product_c\debug

Double-click dotprodc.dxe to open the Load Multiprocessor
Confirmation dialog box, shown in Figure 3-44.

Load Multiprocessor Confirmation EHE
Proceszsor | Program File Mame
PO C:\Program Files\Analog Devices\YizualDSPY219hExa. ..

Pl
F2
F3
P4
F5
PE
P7

Scan.. | Ok, I Cancel |

Figure 3-44. Load Multiprocessor Confirmation Dialog Box:
Specifying Load dotprodc.dxe into Processor PO
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Since PO is the currently selected processor, the path to
dotprodc.dxe is added to the PO row.

5. Click the left mouse button in the Program File Name column
next to P1.

An edit box appears to enable you to enter the name of the
program to load into processor P1.

6. Load the dot_product_asm.dxe program as follows:

a. Click the Browse button ...l to open the Select a Processor
Program dialog box, which enables you to browse for the
program to load.

b. Click the up-one-level button until you locate the
dot_product_asm folder. Then double-click the
dot_product_asm and debug folders in succession.

c. Double-click dot_product_asm.dxe to place the path to this
program into the P1 row of the Load Multiprocessor
Confirmation dialog box (see Figure 3-45).
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Load Multiprocessor Confirmation EH |

Frocessaor | Frogram File Hame |
FQ C: I".PTEIQTEIITI Flles"-.-'i‘-.nalng Devu:es'x"v"lsuaIDSP"xE'l EI:-:"-.E Ma..
|t uct_azmiDebugh ASM. D

Scan... | 0k, I Cancel

Figure 3-45. Load Multiprocessor Confirmation Dialog Box:
Specifying Load dot_product_asm.dxe into Processor P1

d. Click OK to load the programs.

After you load each program into its respective processor, both
processors run to the first executable line in main () and open the
source files for each program.

7. Perform one of the following actions to rearrange the Editor
windows for easier viewing:

e From the Window menu, choose Tile Vertically.

» Click the Tile Vertically button M | :
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Figure 3-46 shows the Editor windows tiled vertically.

[™] Analog Devices YisualDSP ++ - [Target: ADSP-219x (MP,8) Simulator ] - [Project: dotprodc.dpij]
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Figure 3-46. Two Programs Loaded onto Two Separate Processors

Notice that the Editor windows are pinned to their respective
processors.

Click the left mouse button in the Disassembly window pinned to

PO. Then click the left mouse button in the bottom Disassembly
window pinned to P1.

Notice that for all pinnable windows, including Editor windows,
the focus follows the currently active window. This feature
facilitates navigation between processors.
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Step 4: Stepping in a Multiprocessor Session

When debugging a multiprocessor session, you can still use all the
standard single-processor commands such as Run, Step, Halt, Reset, and
Restart. Each command operates only on the currently focused processor.
All other processors are unaffected.

The multiprocessor commands MP Run, MP Step, and MP Halt operate
synchronously. All three operations execute on exactly the same clock cycle
in all processors. This feature is helpful when critical multiprocessor
interaction issues arise during the development process. MP Load, MP
Reset, and MP Restart are not synchronous operations. They are executed
in order, one after the other.

To step instructions in a multiprocessor session:
1. Set the focus to processor PO.
2. Step PO two assembly instructions as follows:
a. Click the left mouse button in the Disassembly window pinned
to PO.
. il} .
b. Click the Step Into button twice.

Notice that the PO Disassembly window is now at address 000260,
and the P1 Disassembly window is still at address 000287.

You can issue Multiprocessor commands to both processors at the
same time.
3. Click the Multiprocessor Step button Bl twice.

Notice that both processors PO and P1 have stepped instructions.
PO is now at address 00026F, and P1 is at address 0002B9.
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Step 5: Configuring and Using Multiprocessor
Groups

Often, in large multiprocessor systems, individual processors are grouped
into a “cluster” of processors that work together to perform a related task.
Using multiprocessor groups is helpful for debugging complex systems.
For example, you can send multiprocessor commands to all the groups at
one time. By changing the active group, you can send debugging
commands to only the processors in one particular group.

When you create a multiprocessor session, a group named “Default” is
created. The processors that you select in the New Session dialog box are
added to the Default group. (See “Step 1: Create a Multiprocessor
Simulator Session” on page 3-50.) Up to this point, you have used only
two of the eight processors in the multiprocessor session. The remaining
processors, P2—P7, have not been used.

In this step you will complete the following tasks:

e Add processors P2—-P7 to the Default group and issue an MP Reset
command to all eight processors

e Create new groups and add processors to them

e Make different groups active
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Adding Processors to the Default Group and Issuing MP Reset
To add processors to the Default group and issue an MP Reset command:

1. In the Multiprocessor window, click the Groups tab to display the
Groups tab page, shown in Figure 3-47.

r Group MName FO | P1 | P2 | P3| P4 P3| P& F7?
A

-

=]

"]

1]

i

et

=]

=

=

=

= [ 4T TP stetes 3, Groups

Figure 3-47. Multiprocessor Window: Groups Tab Page

Notice that processors PO and P1 are checked to show that they are
in the Default group, and processors P2—P7 are not. All the MP
commands (MP Run, MP Step, MP Halt, MP Reset, and MP
Restart) are sent only to the processors in this Default group. The
remaining processors are unaffected by these commands.

2. Right-click in the Multiprocessor Group window.

3. Choose Select All Processors from the popup menu, shown in
Figure 3-48.
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Figure 3-48. Moving All Processors into the Default Group

In the Multiprocessor Group window, a check mark appears for all
eight processors in the Default group (see Figure 3-49).

. Issue an MP Reset command to all eight processors by performing
one of these actions:
e Click the Multiprocessor Reset button El :

e From the Debug menu, choose Multiprocessor and then
choose Reset.

Because all eight processors are in the selected group, the reset is
applied to all of them.
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Creating and Configuring New Multiprocessor Groups

To create new groups and add processors to them:

1.
2.

Right-click in the Multiprocessor Group window.
Choose Add New Group from the popup menu.

This command creates an empty group (Group 1), as shown in
Figure 3-49. You can change the group’s name. For this exercise,
however, you will use the default.

21l Group Name |po[r1 P2 |Pa|Pe|ps|prs]rr]
| Defaulk

| Default v W
| | [ | | | [ |

Multiprocessor

[A)[ A0+ Qe Stetuz A Groups

Figure 3-49. Multiprocessor Window, Groups Tab Page: Creating a
New Group

Press Enter to accept the default name, Group 1.

Place processor PO into this new group by clicking the left mouse
button in the PO column of the Group 1 row.

Create a second new group as explained above and accept the
default name Group 2.

Place processor P1 into this new group by clicking the left mouse
button in the P1 column of the Group 2 row.

Figure 3-50 shows the two new multiprocessor groups.
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Figure 3-50. Multiprocessor Window, Groups Tab Page: Creating
Two New Groups

Activating New Multiprocessor Groups
To make the new groups active:

1. Make Group 1 active by clicking the left mouse button on the
Group 1 label.

2. Click the Multiprocessor Step button | a few times and notice
that only processor PO advances.

Because PO is the only processor in the active group, only the PO
processor is affected by multiprocessor commands.

3. Make Group 2 active by clicking the left mouse button on the
Group 2 label.

4. Click the Multiprocessor Step button @ a few times and notice
that only processor P1 advances.

You have now completed this exercise and the tutorial.
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What’s Next

After completing the tutorial, you can begin building your own project
or you can look at some of the other examples included with your
VisualDSP++ software.

These sample programs are in the following folder:
VisualDSP\219x\Examples\Simulator Peripheral Examples
The sample programs are documented in the appendix “2191 Peripherals

Used with the Simulator” in the VisualDSP++ 2.0 User’s Guide for
ADSP-21xx DSPs.
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