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Lab 1: Debugger Basics: Startup, Basic
Process Control, and Navigation

This lab covers basic process control, including stepping,
breakpoint basics and source code navigation.

There are some basic commands you need to know to drive the
debugger. You can step through your source code one line at a
time (single-stepping) and examine the program state. This state
includes global and local variables, the stack frame, and the stack
trace. Or, you can tell TotalView to run your program and stop at a
particular line in the source code (setting a breakpoint). You also
need to know how to halt a running program as well as resume it
later. These commands are probably all you need to debug simple
programs.

Expected Time: 30 minutes

Step 1: First Steps

e Open a Terminal Window
e Change directory to SLABS
cd $SLABS
e Compile your program
gcc —g $SRC/array.c $SRC/simple.c —-1m -o
simple
e Start TotalView by typing
totalview ./simple -a hello

A Startup Parameters Window may open at this point. You can
press OK to clear it. It is not used for this lab.
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You are now seeing two windows. Depending on your screen size
you may need to rearrange them to see both windows. The larger is
the Process Window. The smaller is the Root Window.

.
1 nle

File Edit View Group Process Thread Action Point Debug Tools Window

B ] i
Group {Control) _’| 4 L J S el

Stack Trace - Stack Frame
Mo current thread 4 | Mo current thread Jj_
it oAV EW B0
File Edit View Tools ‘Window Help
=/ I | Rank | Host | Status | Description |
=1 <local> - fsimple (0 active threads)
Functi

1 #include «<stdio.h>

2 #inelude "srray.h"

3

g int mainiint argc, cha

6 { f‘!‘???????????? o

7 i

g char command_1

El if farge > 1)

10 i

11 stropy (com

%% printf{"arg_J=%s\n", command_line string);

]

14 ) i
= =
Action Points] Prgcesses] Th[eads] (B2 [l ] T

il

Note: If you are seeing assembler, you probably forgot to use the —g
option when you compiled your program.
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Notes:

e The -a argument indicates that all arguments after it will be
arguments to the target program. In this case, “hello” is sent to
simple.

e The Stack Trace Pane (the top left area of the window) shows if
there are any active threads. When you first start the debugger
session, it should show No current thread.

e The Stack Frame Pane on the right shows the same message.

e The middle area contains your source code for the main ()
function. We call this area the Source Pane. Note how the line
above the Source Pane indicates the function and filename the
Source Pane is currently focused on.

Step 2: Navigation

Dive on the array () function in the Source Pane:

Place your cursor on the word array in line 16 or 18 and
double-click.

This focuses you on the array function in the array. c file.

e Select the View > Lookup Function command
e Type dowork
e Press OK

The Source Pane should now be focused on the dowork function
inarray.c.
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o o BEE
File Edit \iew Group Process Thread Action Point Debug Tools Window elp

P (59 5 @ |9
MIGO Halt Kil Restart Next Step Cut Run Tao| Prev

Stack Trace Stack Frame
He current thread = No current thread S
Function >>dowork in amay.c El
?} #include "arrav.h" -
g v{roid dowork ()
73 ( JF*E* zome arrav operations *RE/
2 int i, j, jmeod; ]
%g double =zi, =j, dx, scale = 100.0;
:% :{Eor {3 = 0; 3 < JHAX; J++)
14 ]mod = {100*3) IIMRX;
i5 %] = {double) jmod/ (double) IMAX;
for {1 = 0; 1 < IMRX; i++4) 7|
=] i
Action Poir‘lts] Prgcesses] Th[eads] P-| P+| T-| T
A
A
Notes

Note the left and right arrows in the top right hand corner of the
Source Pane. We refer to this as the dive stack. Click on the left
arrow. It will focus you back to the source you were looking at prior to
your last dive. Note that now the right arrow will be enabled, allowing
you to 're-dive.'
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Step 3: Stepping

Press the Step icon in the toolbar

TotalView stops right before the first executable statement.

T SR = 1 T

File Edt View Group Frocess Thread Action Foint Debug Tools Window Help
HUB I 398 « (9 2 a3 = M
Sroup foniral Go Halt Kil Restart|Next Step Out Fur To| Pr . ToLi

EEE SE=2C Process 1 (8957): simple (Stopped) EESSS2S2S2222 =
] I Trread 1 (8957) (StOPPed) < ace Trap> ||} A
Stack Trace Stack Frame -
main, FP=bfe7(0598 |5 | Function "main": il
__libeo_start_main, FP=bfe70608 argo: 0*00000002 2) |/
_start, FE=bfe70610 arqv:s . Oxbfe70634 -> O
Block "$b1":

command_line_string: ""
Registers for the frame:

Feaxn: O0x00000000 {0)
¥ Fecx: Oxbfe705bL0 (-107537

Function main in simple.c =l 1=

L'\-\.

1 #include <stdio.h> 3

% #include "array.h"

Isl int main{int arge, char **argv)

[ JEEAE kA ERA*EE aommand line args *kk ]

7 |

8 char command_line_string[80];
= if {arge > 1

10 i

11 strepy (command_line_string, argw(1]);

1% printf("arg_2=%s\n", command_line_string);

1

14 !

15

18 array(); 4
A I
Action Points] Prgcesses] Th[eads] IB=||IB:{| = e
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Notes

e You could also choose the Process > Step command. Also, notice
that the command on the Process menu shows the 's' keyboard
shortcut. As you gain experience, you'll find the keyboard
shortcuts are convenient and speedup debugging.

¢ Notice the yellow arrow on the left. This is the PC or the Program
Counter. It shows you where you are in the program. The Stack
Trace Pane (top left) now shows that the program main is active
and that it is C language code. The Stack Frame is now loaded by
the C runtime library and the function main is on the stack frame
with its command line arguments. It also shows local variables in
scope. (Uninitialized variables contain random information.)

Question
1. Where can you find the state of your currently focused
process/thread?

Step 4: More Stepping

Select the Process > Step Instruction command

Questions

2. What did choosing the Step Instruction command do, if
anything?

3. Why doesn'tit look like anything changed?

4. What can you do to see the effect of stepping an instruction?
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Step 5: Run To and Step

Select line 16 (not the line number), the first call to array ()

Selecting the line will highlight it with a gray bar.

Press the Run To icon

This runs the process up to that line of code.

Do a Step
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File Edit View Group Process Thread Action Point Debug Tools Window ﬂelp|
3 O

Group (ot <> HE TP S'Qf«?“ 3 3 3 B |

Group (Contro) 1| 0 F20 il Restart Next Step Out Run To| Prev UinStep Caller BackTo Live

= Process 1 [10869): simple (Slopped]

AT RO rre2s 1 (10538) (Stopped) <Trace Trap> HiMMMMLMATAMIMMMAAAD

Stack Trace 4 Stack Frame
ATTaY, FP=kfec4568 ||| Function "arrav": 4
main, FE=biecdbed i
_libeo_start_main, FE=bfec4658 Eegisters for the frame:
_start, FE=bfecdtid

Feax: 0x0000000c {12)
Fecx: 0x00000000 (0}
Fedu: Oxb7f0£0£0 (-120894

Febu: Oxb7f0dff4 {(-120895
Fesp: Oxbfecd560 (-107503
i Zebp: Oxbfecd568 (-10?503_{
Function array in array.c =] 1]
24 } A
25 return;
26}
27
28
29 woid arrav()
30
= dewark();
32 raturn;
33 )
Ei ]
Action Points] Prgoesses] Thgeads] B B T T+
X
7

Note how the Stack Trace, Stack Frame, and Source Panes all
change.

e RunToline 22 —the call to printf ( )
e Do a Step
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Questions
5. Why didn’t you step into printf () ?

Training Lab Manual

6. Where did the output from the printf () call go?

Step 6: Moving Out

e Selectmain in the Stack Trace Pane
e Press the Out button

Your Process Window should look as follows:

Last updated: April 24, 2012

Eimple

File Edit View Group Frocess Thread Action Point Debug Tools Window
JPHEB I 393 « (9 3 3 2 M
Group (Contro) - Go Halt Kill Restart|Next Step Out Run To| Prev UnStep Caller BackTo Live

AL rves 1 (2957) (Stopped) <Trace Trap> {ININMINANIANAMTADITIN

Stack Trace _d Stack Frame
main, DS CREED] - | Function "main®: i
__libe_start_main, FP=bfe70608 argo: <Bad address: [li
_start, FE=bfeT0610 argv: Oxbfe?0634 -> O
Registers for the frams:
Feax: Ox0000000c (12)
fecx: Ox00000000 (0)
Fedx: Oxb7£190£0 (-12089C
i Zebx: OxbTEL7££4 [-12039(:_','_
Function main in sirmple.c |

10 | S

11 strepy (command_line_string, argv[l]);

12 printf("arg_2=%e\n", command line_string);

i3 )

14 H

18

1 arrayi():

17

= array(};

19

20 |

21

22 char ineu‘t [80];

23 seanf{ "%s", input };

24 printf{ "You entered: %s\n", input };

25 scanf{ "%z", input ); r
] is
Action Po]nts] Prgoesses] Th[eads] P-| ] -] T4]

K
/

L

Question
7. What did this do?
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Step 7: Waiting

¢ Run to line 23
e Select the Next icon

After a couple of seconds, TotalView displays the following dialog
box:

_.| Total¥iew Working

Yaiting to reach location

Cancel |

Questions
8. Why did TotalView display this message?

9. What will happen if you enter input on stdin?

10. What will happen if you press Cancel?
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Step 8: Canceling

Press Cancel

Your Process Window will look something like this.

7 =3 (= (2T}
File Edit View Group Process Thread Action Point Debug Tools Window
Group [Control) _’| D “ i’ 54945 - “?P_
Go Halt Kil Restart Next Step Qut Fun To|F
O A et 1 111103 (Stoppsed) <Stop Sigrvals [||INMMMIMMIMMANMMImN
Stack Trace A Stack Frame
_ _kernel_wsyscall, FP=kbfkb7954 |2 A
_ read_nocancel, FF=hfb79ebc Eegisters for the frame: J
_I0 file underflow, FP=hfb79=7a
_I0 default_uflow, FE=hfb79=8c Fean: Oxfffffeld (-512)
__uflow, FF=h{fh79=a4 Fecx: Oxb7e3b000 {(-120981
LL137, FP=bfbT7alfsd Fedx: 0x00000400 (1024)
seant, FF=bfb7a218 Febx: 0x00000000 (0)
main, FP=bfbT7a298 Fesp: Oxbfb79%edc {-107848
__like_start_main, FE=kibT7a305 Sebp: Oxbfb7%e7c (-107848
start, FP=kib7a310 |/ Fesi: 0xb7£89440 t~120644_/
Function __kernel_vsyscall in @ syscal_library@-32 =) =
Oub7fhE5409: 02390 nep =
Oub7fbE40a: 0290 nep
Oxb7 540k 0290  nep
Oub7fb540c: 0x90 neop J
Oxb7£fb5404d: 0x90 nop
Qb7 fhE40a: Oxab  qmp Oxb7fb5403
OubT7fhE40£: Oxnf3
Oxb7£fb5410: 0x54 popl %ebp
Oxb7fb5411: Ox5a popl Fedx
Oxb7fb5412: 0x59 popl %ecx
Oxb7 fb5415: Oxeld ret
Oxb7 5414 Ox90 nop
Oub7£fb5415: 0x90 nop
it Oxb7 fh5416: 0x90 nop £
= P
Action Poinml Processes] Threads] ER | I s
a

The Stack Trace Pane shows you that the process is currently within
a system call. The Source Pane shows you assembler code, and the
line immediately above the Source Pane tells you the library you're in
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rather than the source file. This is because this module was not
built with debug information and TotalView always focuses you on
the stack frame where your PC currently is, regardless of whether
there is debug information or not.

Within the Stack Trace Pane, main is preceded by C. This means
that TotalView has debug information for that frame and the
language is C.

Click on main within the Stack Trace Pane

You should now see the source code and the PC arrow should be
pointing at the scanf () call.

Press the Out button

After a few seconds you should again see the Waiting to reach
location dialog box. Do not click the Cancel button.

e Go back to your Terminal Window
e Type hello

TotalView removes the dialog box and the thread’s state should be
halted (status T in the Threads Pane and <Trace Trap> in the
Process Window header).

Last updated: April 24, 2012
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Step 9: Breakpoints

Click on #26 (the line number) on the left of the Source Pane

You've now set a breakpoint. A bright red stop icon appears over the
line number indicating that TotalView has set a breakpoint.

3
Press the Go icon in the toolbar

You can tell that the process is running by examining the top title bar.
Note that TotalView does not alter the PC arrow until the process
has stopped. That is, until it stops, the PC arrow indicates the last
stopped location.

Type hello within the Terminal Window

TotalView now halts your program at the breakpoint. The process
status is At Breakpoint.

Note

When debugging a program, you'll often want the program to
execute until it reaches a particular line. The way you tell TotalView
to stop the program's execution is to set a breakpoint, which is a
stopping point. The easiest way to set a breakpoint is to click on the
line number.

10
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Step 10: Breakpoints: At Location

Create a breakpoint using the At Location dialog box.

e Select the Action Point > At Location command
e Type dowork in the displayed dialog box

e Press OK

Set a Breakpoint on
#* Function of Line

~ All Methods in Class

~ all Wirtual Functions and Overrides

Mamed: II

Ik | Cancel

You should now see two breakpoint icons in the Action Point Tab.
The PC arrow in this pane indicates the breakpoint at which the

thread is stopped.
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Y = 1551
File Edit View Group Process Thread Action Point Debug Tools Window Help|

y (A B 538 « 9
Group (Contol) 2| &5 Halt Kil Restart|Next Step Out Run To| Prey

! Process 1 (8957): simple (At Breakpolnt 1)

(i Jlll_Trread 1{8957) (At Bréekpon 1) [T
Stack Trace Stack Frame
main, FP=bfe70598 |3 || Function "main": =
_libe_start_main, FP=bfe7060G argc <Bad address: l]x_]
_start, FP=bfe70610 Oxbfe?0634 -> 0Oz
Block "$b2”
input: "hello"

Registers for the frame:

Feax: 0x00000001 (1)
Fl| Fecu: O0x0000000a (10) i

Function main in simple.c al|[I=]|
array(): g

char input[80];

scanf{ "¥Te", input );

printf( "You entered: £s\n", input });
scanf({ "%s", input };

printf( "How you entered: %s\n", input };

O D o il OB L B0 O

I return 0;

Z
= =
Action Points] Processes | Threads | Pe| Pt| T-] T+

2 dowork array.c#l0 dowork+0z07 A

1 sgimple.c#26 main+0z94

Dive on the newly created breakpoint—this is the one not having
the PC arrow

This focuses your Source Pane at that breakpoint location.
Diving on breakpoints is another way that you can navigate to

different locations in your program. You could use this as a way to
bookmark places you refer to often in your source.

11
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e Select File > Exit to exit TotalView
e Select Yes

Notes

The At Location dialog box lets you set breakpoints on all
methods of a class or all virtual functions. This is handy for C++
applications but that is beyond the scope of this lab.

If you left-click on an icon in the Action Point Pane, the icon will
dim because you will have disabled the breakpoint. You can re-
enable it by left clicking a second time.

If you right-click on an icon, a context menu appears. Among
other choices, you can now delete or enable/disable the
breakpoint.

The square boxes around line numbers also provide information.

If they are in bold, there is more than one code address
associated with the breakpoint.

The Action Points > Save All command saves your breakpoints
in a file. This file can be loaded in a later TotalView session. By
default, TotalView saves the breakpoints in a file in the directory
containing the executable. The next time you debug that
executable, TotalView automatically loads these breakpoints.
Use preferences to control preference behavior. Select File >
Preferences, and click on the Action Points Tab. From here you
can tell TotalView to automatically load action points when it
starts and automatically save them when it exits.

END OF LAB 1
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Lab 2: Viewing, Examining, Watching,
and Editing Data

This lab shows many of the ways in which TotalView displays data
values.

Expected time: 45 minutes

Step 1: Preliminary Steps

In a Terminal Window:
e Change directory
cd $SLABS

e Start TotalView
totalview ./combined -a Thanks for attending
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L 1= 50
File Edit View Group Process Thread Action Point Debug Tools Window ﬂelp:

Dlll D 395« 9 32 a =¥
Group (Contra) o Halt kil Restart|Next Step Out Run To|Prev UnStep Caller BackTo Live

EEEE! Process 1(0): combined (Exited or Never Created) = EWEE’E‘!E‘!E'E‘!T

l EEEEEEEEEEEE Nocurentthread SEEEEESEEEE
Stack Trace A Stack Frame
o current thread < ||Ho current thread

Function main in combined.cxx =l|[=]

21 long cc;

22

23

24 int do_parallel = 1;

25

26 int main{int arge, char **argv)

27

28

29 str = {char *} malloa{100};

g? stropy( str, "Hello Werld" )

32 // General features

33 arrays();

34 diveinall(};

35 printf{ "%#s\n", str );

35 .
) l= )
Action Puintsl Prgoessesl Th[eads] P-| P| | T+]
1 combined.cxx$#514 arrays+0x304 =

B 3 combined.cxx$#526 arrays+0z3db
2 combined.cxz#716 diveinall+(zldd

Step 2: Looking at Data

There are four ways to look at data. This step looks at three of them.
The next will look at the fourth.

13
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Stack Frame Pane (Method 1)

Press Go

TotalView should halt the program at a saved breakpoint inside a
function named arrays.

Observe the Stack Frame Pane in the top right corner of the
Process Window.

Questions
1. What kind of information is displayed in this pane?

2. Some of the values displayed in the Stack Frame are bold
while others aren't. What does the bold text mean?

3. What do the B1ock designations mean?

Training Lab Manual

e Place your cursor over the selected text for a couple seconds

Tool Tips (Method 2)

Place your cursor on i in the Source Frame and hold it there for
a couple seconds

TotalView displays the value of i in a Tool Tips popup.

e Online 512, select (i.e., highlight)
start + Jj*step

Last updated: April 24, 2012

Note that Tool Tips work with simple expressions as well.
Expression List Window (Method 3)

You can think of an expression list as a kind of watch list that shows
value that you can easily keep an eye on.

¢ Right-click on the variable i
e Select Add to Expression List
¢ Right-click on the variable 5
e Select Add to Expression List

conbined - 1,1

File Edit View Window Help
- 1
Expression Yvalue i

i 000000000 (0)
i (00000000 (0)

Press Go

14



Rogue Wave Software, Inc. ©2012

TotalView executes one iteration of the loop and again stops at the
breakpoint.

TotalView updates the Expression List Window with the current
value. It also highlights the value for 5§, indicating that the value
has changed.

l combired - 1,1
File Edit VYiew Window Hel
a1 - d
Expression Last Walue Walue

i 000000000 (0)
' 000000000 (0) 000000001 (1)

Right-click on the column header
Select Last Value
Expand the column by dragging to see the whole value

Click on the third row in the Expression field and enter
i+ 3 +5

You can also enter expressions directly into the window.

e Selectthe cylinder.volume () /cylinder.area()
expression in the Source Pane on line 513
¢ Right-click

Last updated: April 24, 2012
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e Select Add to Expression List

The Expression List Window can contain functions calls.

Note

Don't do this for functions that cause side-effects as this window is
updated each time the program gets updated. If you don't want to re-
evaluate an expression all the time, use Tools > Evaluate instead.

Click on the X button in the Expression List Window to close it

Step 3: Looking at Data (Part 4)—Variable
Window

The Stack Frame Pane, Tool Tips, and Expression list are excellent
for viewing and watching variables that have built-in types and that
you don't need to examine in different ways, such as with a memory
dump or as a different data type. These methods do not work with
structures, classes, arrays, common blocks, or data types. To view
this data, use the Variable Window.

You can open a Variable Window by diving any place you see a
variable (sometimes an expression) or by using the View > Lookup
Variable command, which is particularly good for global variables.
You can dive by a double left-click, a middle-click, or by right-clicking
and selecting Dive on the context menu.

Dive on Block sb1 — this is displayed in the Stack Frame Pane

15
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TotalView opens a Variable Window which contains all the I-' T er———
variables and blocks within $b1. File Edit View Tools Window Help |
~ b bined 11 B EEIEFILI’XEY

sb1 - ./combined - 1.1 Expression: | cylinder Address: | 0xbiffo70
File Edit Wiew Tools Hindow Help | Type: | struct Cylinder
[IL.1 ] a2 | F i | e H Field | Type [value im]
Expression: | #hil Rddress: | 0x080dada5 - Circle struct Circle (Fublic hase class)
Tupst | e m_height double 1
Yariables | Type |¥alue i |
- Circe class Circle = 009859070 -> {(class Cim
- zircle clazs Circle {class Circled
- cylinder clazs Cylinder {clazs Cylinder?
- oyl 1y class Cylinder {class Cylinder?
- zhape clasz=s Shape {clazs Shape?
- shart doub le 1
- zhep double 0,5
o srf_wol doukle[*]1[=] {clouklel[=]1[=]}
- ol coublel=]1[=] tdouble[=][=]} Q
@ #hl 0 Block
4. When would you want to use the Expression List as opposed

to a Variable Window or a Tool Tip?

Dive on the cylinder variable within the Variable Window

You can dive on any field if the Variable Window is displaying . Bt : :
something that does not have scalar type. Note that this shows Step 4: Exammmg the Variable Window

you the contents of the cylinder, which has a type of

Cylinder. Part 1: Features

e Press the X button in the Variable Window to close the window
e Dive on the cylinder variable in the Source Pane

You can also dive on variables in the Source Pane, expressions in
the expression list or any place else you see a variable.

Last updated: April 24, 2012 16
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Let’'s examine the Variable Window a bit more.

e The icon on the menu bar lets you expand and
collapse the contents of a compound type.

e The up/down icon on the menu bar lets you see more

or less meta information about the data you are viewing.

¢ The dive/redive arrow icons let you undive and redive within the
variable.

¢ The Expression field indicates the variable cylinder. You can
edit this field and it can contain general expressions in the
language your program is written in. For example,

In the Variable Window Expression field, type:
cylinder.m height

TotalView now shows you the value of the m_height field in
the object.
¢ You can even call functions here. For example,

Type:
cylinder.volume ()

Last updated: April 24, 2012
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cylinder,volumel} - arrays - 1,1
File Edit View Tools Window Help |
11 - EEIETII T EY
Expression: | cylinder.volume(] Address: | (Mone)
Type: | dounle
Walue |

B.28304

Note

As with the Expression List Window, do not enter expressions that
cause side-effects in this field as it will be evaluated each time the
program is updated.

In the Variable Window, select the Edit > Reset Defaults
command

This resets the window to the contents you originally dived on.

Select the View > Expand All command

This shows all of the base class.

17
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Select the View > Freeze command

This command tells TotalView that it should not update the
Variable Window. At a later time, you can compare these frozen
contents against an updated Variable Window.

Part 2: A Second Variable Window

Dive on the variable j in the Process Window

TotalView displays a Variable Window containing the 5§ variable.

Training Lab Manual

Questions

5. Why does the Last Value field report the value of j as 1
instead of 19?7

6. What does stale mean and why are the Expression List
and Variable Windows reporting this?

Part 3: Evaluations

Click on the dimmed Breakpoint icon in the Action Points Pane

¢ In the Action Point Pane at the bottom of the Process Window,
click on the Stop icon for line 514, disabling the breakpoint and
graying out the icon

e Select line 510 (the line, not the number) in the Source Pane

¢ Press the Run To button

TotalView executes the program to line 510.

The Variable Window containing j now shows a highlighted value,
indicating that its value has changed. Note that the Variable
Window is reporting a status of stale.

Right click on the column header and select Last Value

Last updated: April 24, 2012

This re-enables the breakpoint.

Press Go

The program executes until it reaches line 514.

The Variable and Expression List Windows no longer report that they

are Stale.

¢ Go to the Variable Window you had frozen for the cylinder
variable
¢ Select the Window > Duplicate command

18
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The Freeze and Duplicate commands allow you to compare values
at a later time. In contrast, the Highlight/Last Value features show
you what last changed.

You can delete the breakpoint at line 514 in two ways:

¢ Click on the icon in the Source Pane, or

¢ Right-click on its number in the Action Points Tab, then select
Delete from the context menu.

Try deleting the breakpoint

You can type more than just expressions in the expression field.
You can type entire program fragments.

»
e Press Go to run the program up to line 526
e Open the Tools > Evaluate dialog box

Most language constructs are supported, including declaring
variables of non-object type, for, while, and do loops.

e Type cylinder.volume ()
e Press the Evaluate button

Observe the result in the Result field.

Last updated: April 24, 2012
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Evaluate

Expression:

=

cylinder.valumer)

¥
Group: Language:
Thread 1.1 A Cer ]
J_
Result:
5 A
A54.1641 28
[ i

Evaluate o | Close

¢ Go to the unfrozen Variable Window containing the cylinder
variable

o Click on the value field for m_radius — this is in the base class
Circle

e Change the value to 1 and press Return

You could also press F2 to edit the field.

19
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cylinder - arrays - 1,1
File  Edit Wiew Tools Window Help
K = EEIEEIEXEX
Expression: Fylinder Sddress: | Oxhifozo
Type: | struct Cylinder
Field | Type [value |
- Circle struct Circle (Public hase class)
L Shape struct Shape (Public base class)
m_name $string[15] "cylinder”
! double 1
‘.. m_height double 5

This edit changes the value in the target program. Check that this
has occurred:

¢ Go back to your Evaluate Window
¢ Re-evaluate the expression you typed earlier

Evaluate

Expression

=

Ieylinder volumer)

Group Language:
Thread 1.1 ] s |
4

Result:
B i
314152

| y
]

Evaluate stop | Close | Help |
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o Close the Expression List Window by pressing the X button

e Go to a Variable Window

e Select the File > Close Similar command — this closes all your
Variable Windows

Step 5: Arrays

This step explores some of TotalView's array features and its
typecasting ability.

Press Go

TotalView runs up to the breakpoint in the diveinall () function.

20




Rogue Wave Software, Inc. ©2012

combined

File Edit View Group Process  Thread  Action Paint Tools  Window  Help

Group (Contral)

4 W@ B 59 3

Go  Halt kil Restart | Mext Step  Out
Process 1 (22717): comhined (2t Breakpaint 2

Thread 1 (3086323456) (At Ereakpoint 2) [N

Stack Trace | Stack Frame

diwveinall, FE=bf£££108 |4 ||Function "diveinall": 3
main, FP=hffffl4d No parameters. J
_ libe_start main, FP=hfffflaf Block "&bl":

i: 0x00000014 {200
Array: 0xD80500a0 -: (=

Registers for the frame:

Zeac: 0x00000014 {20)
zecx: 0x08050370 (13454¢
zedx: 0x080500a0 (13454F

A mbar . MO0 To #3000

Function diveinall in combined.cxe el M|

i
printf("end of dive in all%n"};
bbb = OxffEEfEEFfLL;

array[i].x a = 1;
array[i]. = b = 2*i;
array[i] . = c (float) 3+1;

array[i].y¥ = {basic_t *) malloc{s_zeof (basic_t));
array[i].y-ra = 1;

array[i].y-rh = 2¥%1;

array[i]. y-rc ((float) 1) / 3.0,

array[i].z = 100.0 *+ (float) i;

((int *)&bb)[1] = OxEEEEFELFLL;

=]
i

=

&ction Fo

ints ] Processes ] Th[eads]

Bl
A

6
3
2

combined. ceeb08  arrays+0=x207
combined. ceebld  arrays+0x304
combined. coebE26  arrays+0x34b
combined. crowt7le  diveinall+0Ox144
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Dive on the variable array

This opens up a Variable Window displaying this variable. Note that
it has a type of struct compound t*, which is a pointer to a
compound_t structure. However, we know the variable to be an
array of compound_t and not just a pointer to a single
compound_t.

Question
7. Why doesn't TotalView display this as an array?

A debugger cannot tell the difference between a pointer and an array
as the semantics of the pointer are defined at runtime. This means
that the compiler can't tell the debugger the size at compile time.
However, you, the programmer, know when you are looking at an
array, and TotalView has the ability to display your data the way you
want. We call this typecasting.

TotalView types are read a little differently than they are in C and
C++. TotalView reads types from right to left. To view array as an
array:

Change the type from
struct compound t*
to
struct compound t[20]*

TotalView now interprets the data at this location as an array of 20
elements of type struct compound t.
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[EE]

File Edit View Tools Window ﬂelp‘

1 ] EEIETIEXEY.
Expression: | array Address: | O=biffff0rs

Tupe: | struct compound_t[20] |
value i

0x080500a0 -= (struct compound_t[Z0))

To dereference the pointer:

Dive on the Value field
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o array - diveinall - 1.1

File Edit View Tools WHindow Help ‘
[1.1 ] EEAETFILXEY
Expression: | #{({struct compound_t[20] *iarray}) Address: | 0x09E590a0
Slice: | [:] Filter: |
Type: |stru:t compound_t.[20]
Field | Tupe |¥alue
2-[0] struct compound_t (Struct?
= basic_t (Struct)
int 000000000 (0}
int 000000000 (0}
float 0
basic_t * 009659238 -> (basic_t)
ez float 0
- [11 struct comoounc_t (Struct)
- [2] struct comoounc_t (Struct)
- [31 struct comoounc_t (Struct)
- [4] struct comoounc_t (Struct)
[5] struct compounc_t {Struct?
- [B] struct compounc_t {Struct?
[7]1 struct compounc_t {Struct?
- TR struct, comoound t, (Strunt.)

e Close the Variable Window
¢ Reopen it by diving again

Another way to view a dynamic array, which might be easier to
remember, is to first dive on the pointer to display a structure, which
happens to be the first element in the array.
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File Edit View Group Process Thread Action Point Debug  Tools  MWincow Help

Group (Controll i’ [? " ib 5 ‘g 3 ? ’) ﬁi

Halt Kill Restart Mext Step Out Run To|Record GoBack
Process 1 {1727): combined (At Breakpoint 23

A MR~ Threael 1 ¢3075225352) <At Breakpoint 2 [N

Stack Trace - Stack Frame
[C++]diveinall, = Ly jop “divei " A
[T main, J
__libc_start_main,
File Edit ¥iew Tools Window Help
1.1 =] S [ B [KE5 %
Expression: array Address: | Oxbf9e7358

Tupet | compound_t =

Yalue @7-{7

0x096590a0 -» {compound_t}

array - diveinall - 1.1

709 arraulil.y = (by

710 A =
1 ::::UEH.S-N: = File Edit View Tools MWindow Help
L S B EEAR T IR XEY.
;1; array[il,z = 10 Expression: | #{array? Address ¢ | 0x096590a0
printf("end of di Tuype: | compound_t
L7 bb = coo= OufPFffrress
78 (lint *sbbIL] = {Cint Facl | Tupe [value im|
713 return 1: B x basic_t {Struct )
¥ {ea int 0x00000000 ¢}
i b int 0x00000000 (0}
=] [y =1 float Q
X ] iy bazic_t = 0x096559238 -» (hazic_t)
Action F'U.Lnt,s] Processss | Th | Float o
3 combined.coo#B26 arra
2 combined,cxx#716  dived]

]

¢ Dive on the Value field

¢ Change the type from
struct compound t
to
struct compound t[20]

One great thing you can do for arrays of structures, classes, and
data types is to focus on one field in the object in every element in
the array. This is called Dive in All.
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e Expand out the first element a
This is within the basic_t structure, which is within the
compound_t structure

¢ Right click and select Dive in All

TotalView displays the field a within the structure as if it were an
array.

File Edit View Tools HWindow Help
1.1 l SEREEFIITXEY
Expression: | ={arrayl Address: | 0x09553050

Slice: [:] Filter:

Tupe: | struct compourg_t[20]

Fie=ld | Type |¥alue |
= [0] struct compound_t {Struct Al
= hasic_t {Struct}
giUE Enter o0 {0
Dive in Hew Window
Dive in ALl 38 -» fhasic_t}
5 Add to Expression List
- Create Hatchpoint
- Charze Fisld E2 ]
- struct compound_t TSEract
- struct compound_t (Struct )
- struct compound_t {Struct )
- struct compound_t {Struct )
- struct compound_t {Struct )
m- [9] struct compound_t {Struct /
23
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array - diveinall - 1.1

Training Lab Manual

Type the following in the Filter field:
>5

File Edit Miew Tools Hindow Help
1.1 =) == | P | K€ 33
Expression: | arragl :].x.a Address: | 0x096590a0 [Sparse]
Slice: [:] Filter:
Tuype: | int[20F
Field |¥alue

[ol 00000000 (03

[1] Ox0000000L (1}

[2]1 000000002 (23

[=] 00000003 (33

[4] Ox0000000d (g}

[5] 000000005 (5}

[e] 00000006 (63

[7]1 OxQ0000007 (73

[=1 000000008 (8}

[=] 00000009 (93

[10] Ox0000000a {107

[11] OsQ000000R {11}

[12] 00000000 (123

[12] 000000000 {13}

[14] OxQ000000e {14

[15] Ox0000000F (15}

[16] Ox00000010 {167

[17] OxQ0000011 {173

[18] Ox00000012 (18}

[13] Ox0000001Z {19}

Question

8. What does Sparse mean in the Address field?

Click on the Value column header

This sorts the array in descending order. Clicking a second time
sorts the array in ascending order.
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This is short for svalue > 5. TotalView now shows you all
elements greater than 5.

() array - diveinall - 1.1

File Edit View Tools Hindow Help |
1.1 ] A3 [ B | K€ P 3
Expression: | arrayl:].=.a Address: | 0x09659020 [Sparse]

Slice: [:] Filters | >H

Tuypes | int[20]]

Field |value

[&] OxDO00000E (63
[7] Q00000007 (72
[8] Qe Q0000008 (82
[9] OxDO00000S 93
[10] 00000000 (107
[11] Q0000000 (117
[12] Ox0O00000c $12)
[13] Ox0000000d £13)
[14] Ox0000000e {14
[15] 0= QOOO000F (157
[16] 00000010 (16)
[17] 000000011 (17
[18] 000000012 (187
[19] Ox0O000013 (19

e Type F1 to open Help
e Click on the Filter field
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Observe other things you can filter on, such as nans and infinities.

o Delete what you typed in the Filter field
o Type the following in the Slice field
[2:8]

This slices your array and shows you array elements 2 through 8.

(] array - diveinall - 1.1

File Edit WView Tools Hindow Help
1.1 4 = [ P | K€Y
Expression: | arrayl:].x.a Address: | 0x096590a0 [Sparse]
Slice: | [2:4] Filter:
Types: | int[20]
Field [value
[2] Q0000002 (23
[3] e QOO00003 (33
[4] QuOO00000d (d
[s1] e 00000005 (5}
[6] Q00000006 {63
[7] Q0000007 (73
[=] Q0000008 ¢33

Edit the Slice fieldto [2:8:2]

The integer after the second colon indicates the stride of the array.
For example, “2” tells TotalView to display every second element in
the range [2,8].
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[ T array - diveinall - 1.1

File Edit WYiew Tools HWindow Help
1.1 ] el | P K€D H
Expression: | arrayl:l.x.a Address:  0x090530a0 [Sparse]

Slice: | [2:5:d] Filter:

Tupe: | int[20T

Field |Walue

[2] OeeQOOO000Z {2}
[4] O QOOO000d {4}
[&] O Q0000006 {6}
[=] 000000003 (5}

Delete what you typed in the Slice field

If you do not delete the slice (or filter), TotalView applies future
actions to what is being displayed. So if you add a filter, a slice only
displays the elements that meet both the filter and slice criteria, and
visualizing or generating statistics on an array will only generate
statistics or visualize based on the portion of the array displayed.

Select the Tools > Visualize and Tools > Statistics commands
and observe what happens
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:array[:].x.af0:19]

| File Edit HWindow
MU

File Mindow

(at 0:09859020) [Sparse] T
51
200 Fil
Countz 20
Zera Count: 1
Sum: 190
50 Hinimms 0
Haximuns 19
Hedian: 3.5
Heant 35
Standard Deviation: 5.31607978309962
— First Duartile: 45
¥ Axis 100 Third Ouartile: 14.5
Lower Adjacent:
Upper Adjacent: 19
Nel Count : WA
Infinity Count: /A
500 - Tenornalized Count:  N/A
Checksun: 18335
ooo . : - :
0.00 5.00 oo 150 200 i
X Axis
Update
Select the
(stepping command)
Out button

TotalView runs the program out one stack frame.

Dive on argv

Here, TotalView shows argv to be a pointer to a pointer to a
string.
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File Edit Wiew Tools Hindow Help
1.1 ‘| 2 [ FPE [ €€
Expression: | argv Address: | Oxbf9e73hd

Type: | #=tring ==

Yalue iE|

Oxbf3e7dhd - Oxbf9e7oda -> ", fconbined”

Challenge
Do what is needed to change the variable to display the arguments

to your program.

Step 6: A Crash Problem

Press Go

Your program continues executing, and then it should crash with a
Segmentation Violation. Note the status in the status bar.
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File Edit Wiew Group Process Thread Action Point Debug Tools  Hindow Help
= Yz P ol . "

Group {Control} -’I D ii i’ 5 ‘Dj 3 @ ‘J @ § % % v %
Go Halt Kill Restart|Next Step Out Run To|Record GoBack Prew UnStep Caller BackTo L

Process 1 (1727): combined (Error:

AOOCEREDCRRRCRTERECCCARERCCCCRAEDCCCAACAOE Thread 1 30752223523 (Error? <Segmentation violation®

Stack Trace o Stack Frame
__strerrar_r, FP=bfSe7340 (4 )
_I0_puts, FP=bf9e7368 Registers for the frame: J
nain, FP=hf3e7Za8
__libc_start_main, FP=bfe7428 Heaxt OxFFFFFFFF (1)
Zecx: Oxb7B21360 (-1218309280)
Fedz: 0x00000003 (3)
Zebx: Oxb7BIFFF4 (~1218314252)
Hespt Oxbf9e7344 (1080134844,
Xebp: Oxbf3e7368 (-1080134808)
Hesit 0x00000000 (0}
i e vom o) 1
Function __strerror_r ﬂ ﬂ
Oxb7536d9a; e je xb7h36e36 A
0xb7536d3b: 0x34  testb  Zdl,0x40000000( Zesi)
Oxb7936d9c: =96 xchgl Heax, hesi
0xb7536d3d: 0z00  addh Hal, (Heax)
0xb7936d3e: 00 addb Zal . (Beax)
Oxb7536d3F 000 addb Hal,—125(Heax]
Oxb7536da0: x40 incl Feax
Oxb7536dal s 0x83  xorl 52, Kedy
(xb7036daZ: 02 repnz addb  SB(Zebx,¥ecx.1),%dh
Oxb7536dad: 02 addb B (Xebx decx, 13, ddh
H Oxb7536dad: =74 je Oxb7536db1
Oxb7A26EdahT tetth orl (deax), dedi =
= 0 H 0z39  copb Hdh, (Reax)
' Y 30 xorh Aol (Redi)
0 =H 0=0F  je 0zb7536e36
Oxb7536da9; 084 testh %ol 0x40000000% Teax)
0xb7536daat 080 movb  Fal,(Heax)
0xb7536dab: 000 addh al, (Zeax)
0xb7536dact 000 addh  Hal,(Heax)
0xb7936dad: 000 addh Hal .43(Feax)
Oxb7536dae: 0240 incl Feax
Oxb7o36daf: 031 xorl Fedx, Bedx
Oxb7536db0; Oxd2  rorb Ael, Oedc08208( Hebi)
0xb7936dbl: OxBb movl (Hea) ook
ik TEZCAR froid ks Vol A 200 A S £
X ]
Action Pomts] F'rg:esses] ThLeads] ﬂ &I LI T+|
3 combined.cxx#526  arrays+0x7ch N
2 combined,cxodTIB diveinal 140124

Let’s try and figure out what happened.

Click onmain () in the Stack Trace Pane to focus on the
program’s source

The program crashed after calling printf (). Let’s investigate the
argument passed to it.
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Dive on the str variable

The variable is a pointer to a string, but the pointer’s value is
Oxffff£££ £, which is not a valid address. TotalView reports Bad
Address whenever the program tries to access a memory region in
which the operating system won’t allow access. When your program
tries to read this address, it crashes with a segmentation violation
just as this program did.

It is often helpful to look at the raw memory surrounding a corrupted
memory region.

Move the pointer’s address:

Change the Variable Window’s expression from str to sstr -10

This backs the base address in the Variable Window up by 10 words.

¢ Select the View > Examine Format > Raw command
e Change the Columns field to 4 and the Countto 100

The original str pointer is at index 40 in the display. Observe that
you have the same value at index 36. This is a clue. It appears that
what was writing into the address at index 36 is also writing into
index 40.
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(=] &str -10 - ./combined - 1.1

File Edit View Tools kindow Help
L 14 =9 | PR | K€<> N
pressiont |astr -10 Idciresst | 0x0805120k0
Tupeti | $string ==
Format: Hexadecimal 7| Count s | 100 ‘Buytes: v2 wd 8
Count. | Address |Hexadecinal
- 1) 0x080512k 0xe0 O0x3e 0x71 Oxb7
- 0x080512k Uxf0 Ox3e 0x71 Oxb7
g 0x080512k 0x00 0x13 0x71 Oxb7
- 12 0x080512k 0x00 0x12 0xF1 Oxb?
- 16 0x080512c 0xB0 Oxd6 O0x71 Oxb7
e 200 0x080512¢ Uxbl 0x49 0x71 Oxb?
- 24 0x080512c 00 Oxd8 O0x71 Owh?
- 28 0x080512c UxD0 0xD0 0x00 0x00
- 32 0x080512d 000 0x00 000 0x00
- 36 0x080512d Oxff OxfFf Oxff Oxff
- 40 0x080512d O F Oxff Omff Oxff
- dd 0x080512d 0= Oxff Oxff Oxff
- 48 0080512 OxfF Oxff Oxff Oxff
- B2 0x080512e 0x00 0x00 0x00 0x00
- BiE Ox0B0512e 000 Ox00 0200 Q00
- B0 0x080512e 0x00 0x00 0x00 0x00
- B CxOB0512F 000 OO0 000 Q00
- B8 0x0B0512F 000 0x00 0x00 0x00
= CxOB0512F 000 OO0 000 Q00
o T 0x0B0512F =00 0x00 0x00 0x00
- B0 Cx0B05130 000 OO0 000 Q00
- B4 0x0805130 000 0x00 0x00 0x00
- B8 0x0805130 0x00 0x00 0x00 0x00
- 92 0x0805130 000 0x00 0x00 0x00
- 96 00805131 00 OxD0 0x00 0x00

Here’s how you can find out what’s happening.

e Select the Action Point > Delete All command to delete all of
your breakpoints

e Select the Edit > Reset Defaults command to reset your
Variable Window

o Select the Tools > Create Watchpoint to plant a watchpoint

e Click OK after the dialog box appears
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o Press the Restart button to restart your program

TotalView halts the program when it first stores a value into the
pointer. At this time, the program is behaving correctly.

File Edit View Group Process Thread Action Point Debug Tools MWindow

Group {Controll -’I D ii [! ib 3 ‘:g Q @& J @%

1t Kill Restart |Mext Step Out Fun To|Record GoBs
S Process 1 (2028): combimed (At Watchpoimt 4}

(DAL EIRRRILCCCLCLAMAIL, Threact 1 (3075677008 (At Hatchpoint 4) <Watchpoint Trap> [N ECECC AN

war L

Stack Trace Stack Frame
[C++]main, FP=bfdBFEI8 [ ||Function "main"y i
__libc_start_main, FP=bfdof718 argc Q00000004 (4) J
argwy Oxbfd5f744 -> OxbfdBlEda —> ", /conbi
Block "$bl":
arr_longs; (long[7]}

Registers for the frame:

Feax: 0x08963008 (144385104)
Zecx: Oxb7B903c0 (-1217854528)
Hedxt 0x0BIE3000 (144389095)
oLl folFERLrRd 64

A At AEATAC _L
Function main in combined.cxx [ =]
13 &
19 long bb:
20 char * strs ] str - ./combined - 1.1
21 long coi
5% File Edit WView Tools MWindow
gg int do_parallel = 1: 1,1 H
26 int main(int arge, char **argy) Expression: | stri Ac
3; { Type: | #string =
23 str = (char ”‘a ma]]nc(iOO&: i Value
-:3.‘1) strepy( str, "Hello World" )3 05963008 3 "
32: /7 General features
33 arrayst):

34 diveinall{)s
35 printfl "Fsn", str )t

37 long arr_longs[7] = {1,2,3.4,5,16,32}:
39 pthreads_loop():

40
41077 [+ features
am doiod io..ry

=l

Action F‘omts] Prg:esses] Th[eads]
B3 4 4 bytes B 0x020512d8 (str)

If you continue the program by pressing the Go button it will now halt
when that memory location is overwritten and you have found your
bug.

28



Rogue Wave Software, Inc. ©2012

Questions
9. When will a watchpoint trigger?

10. What precautions do you need to take when planting a
watchpoint on a local variable?

END OF LAB 2

Last updated: April 24, 2012
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Lab 3: Examining and Controlling a
Parallel Application

TotalView 8.3 introduced a new way of launching MPI applications.
This new way of launching is designed to be easy to use and to be
able to work with any MPI implementation. The old way of starting,
known as 'classic launch' is still accessible and needed in a few
circumstances. The purpose of this laboratory is to familiarize you
with both methods, and with TotalView features that will assist you
in debugging your MPI applications.

Expected Time: 45 minutes

Step 1: Start-up (new launch)

e Change directory to SLABS by typing
cd $LABS
L] Type: export LD LIBRARY PATH=/usr/local/lib:$LD LIBRARY PATH
o Start TotalView without any command line options
totalview

This starts TotalView and it displays the New Program dialog box.

¢ Type the following in the Program field
. /demoMpi

-
¢ Click on the Parallel Tab

Last updated: April 24, 2012
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This is where you tell TotalView what MPI you are using, and what
arguments you want to pass to the starter program or script (for
example, mpirun, mpiexec, etc.).

Click on the Parallel System list control

You will see several options.

e Select MPICH2 from the list
o Edit the Tasks field to 10 — this indicates 10 processes

Do not change other fields.

New Program

Erogram] ﬂrguments] Standard I.-’O] Paral_lel]

Parallel system:  MFICHZ ¢

Start a new

process Tasks: 1o A Modes: | 0 A
f f

Additional starter arguments:

~

Press OK

TotalView opens a Process Window focused on the main () function
in your MPI application.
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z . prior to the processes calling MPI _init — this is not possible using
File Edit “iew Group Process Thread Action Point Tools  Window ﬂelp| CIaSSiC IaUnCh.

Group (Contraly Y b ii i’ g ‘g % @9
Go  Halt Kl Restart | Maxt Step  Out | Run To ] ]

Al /nfs/netapplduzershomes joshedtraining 1abs/sro/demotpi A

_

Mo current thread File Edit Yiew Group Process Thread Action Point  Tools  Window  Help

Stack Trace o] Stack Frame -
No current thread 4 ||¥o cucrsnt thread Group (Control) _!I b ii ! ib 5 t{z‘i §
Go  Halt Kill Restart | Mext Step Cut | Run To

. 4 mmA A . I

File  Edit View Tools ‘Window Help
=| 1D/ | Rank | Host | Status | Description 01 (1)

=

. — '{_ @1 stovepipe totalviewtech.com T fnfsinetapp0/userhome
Function main in demohdpl.C ®- 3 stovepipetotalviewtech.com T infsmetapp0/userhome
#include <unistd. ar . . .
w4 stovepipe totalviewtech.com T fnfsinetapp0/userhome
template<class Tb & 5 stovepipe totalviewtech.com T fnisinetappOiuserhome
T getMax(T* A int b); @ 6 stovepipetotalviewtech.com T /nfs/netapp0/userhome
template<class T> =7 stovepipe totalviewtech.com T fnisinetappOiuserhome
T+ get_full domadn(int a); = stovepipetotalviewtech.com T nfsinetappiuserhome
it madin{int N m w9 stovepipetotalviewtech.com T Infsinetappiuserhame
b ek mrye, Ghan tergy - 10 stovepipe totalviewtech.com T fnfsinetapp0/userhome
int raot=0, full domain_length, sub_domain_length; - . i i P
dvble global mas, Tocal ma, & 11 stovepipe totalviewtech.com T fnfsinetapp0/userhome
douhle +Full_domain, *sub_domain;
int BUFLEN=512, NSTERS=10;
int myid, monprocs, next, nemelen. previous;
int default_lzngth=1000; 14 templzte<class T>
char* sendBuffer=new char [EUFLEN] ; 15 T* get_full domainiint a);
char* recvBuffer=new char [BUFLEN]; 16
char processoc_name [MPI_MAY PROCESSOR_NAME] ; 17
MPI_Status status; 1 =1 1
int my mpi comm world=MPI COMM WORLD; ¥ 13 ?nt nein{int arge, char *argv(])
~ = I_IJ_ =D irt root=0, full domain_ length, sub_domain length;
action Points | Processes | Threads E-| [E+| T=] T 21 dcuble global max, local mas;
= ] = ] = ] Al 22 deuble *full domain, *sub_domain;
23 irt BUFLEN=E1Z, NSTEPS=10;
24 irt myid, rumprocs, next, namelen, previous;
25 irt default length=1000;
26 ckar* sendBuffer=new char [BEUFLEN];
27 ckar* recvBuffer=new char [EUFLEN];
28 ckar processor_neame [MPI_MAX PROCESSOR_NAME];
29 MEI_Status status;
30 irt my mpi comm world=MPI COMM WORLD; v |
=)

I
Action Points] Prgcesses] Th[eads] il ﬂl LI Lr'_
Press the Next button _p3_pd 5 pb_ p7 | p8_ p3 p10 pil | Al

TotalView steps into the first line of main (), and your Root || |
Window as well as your Processes Tab in the Process Window fill .
up with processes. This launch method lets you debug your job

=

Last updated: April 24, 2012 31



Rogue Wave Software, Inc. ©2012 Training Lab Manual

M —-i demabipi, 0 E i i
Look at the Root Window. File Edit Miew Grous Process Thread Action Point  Tools  Window  Help
e The window has one line for each process. This line contains 5 _
the host name, the status for the process, the name of the Graup (Control) Z [? “ ib 543 3
L Go  Halt Kill  Restat | Mext Step Out | BunTo
process, as well as how many threads are within the process. T T
The ID column is the debugger ID for the process. Thraad 1 (;1203042340); (At Brsakpgim T3 T A
¢ You can sort the Rank, Host, and Status columns. This can be Stack T-ace i Stack Frame
particularly helpful when debugging a job at scale and you want [+ madn, EREEREREEl A [[Furceion mnains ) . j
to find a process located on a specific host or a process (or set e 0 edcd > [
of processes) that is in a particular state. Fie Edit View Tools irdow Help
=| 10/ | Rank | Host | status | Description
- 4 stovepipe totalviewtech.com B demopid (1 active th

5 stovepipe.totalviewtech.com Bl demowipi.s
3 stovepipe totalviewtech.com B demoipid
B stovepipe totalviewtech.com Bl demopi6
1 stovepipe totalviewtech.com Bl demadpil

e Set a breakpoint on line 40 8
i
1
7 stovepipe totalviewtech.com Bl demopi.7 (1
ul
Il
i
1

e Press Go

0 stovepipetotalviewtech.com Bl demoiipi.0
2 stovepipe totalviewtech.com Bl demoipi.g
3 stovepipe.totalviewtech.com Bl demowipid
i stovepipe totalviewtech.com Bl demaApid

Observe that:

o All the processes get halted at the breakpoint.

e The Root Window now shows the ranks of the processes as do
the nodes in the Process Tab in the Process Window.

. . T 38 MPI_Init(&argc, &acgv) ;
e The status B1 in the Root Window indicates that all the - P el
: MPI Comm_sirzeimy_mpi_ comm_world, &numorocs) ;
processes are halted at Breakpoint 1. h MPT Conn e ark iy mpi “comn world, snyid) ;
42 MPI_Get_processor_name (processor_nams, &namelen) ;
43
44 fprintf {stderr, "Process %d on %s'wn",wyld, processor_name) ;
45 sprintf (sencBuffer. "hello there from %d on %s", myid, processor_
46 next = myid+d; /* set a barrier here */
47 if (next>=rurprocs)
48 ENt-=NUNECOCS;
49 previous = nyid-4;
=] 1f (previous<d) £
=i i =
Action Puints] F'rgcesses] Th[eads] P=| Pe] 7= =]
A
_ |
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Click on the Rank column header

This sorts the processes in the Root Window.

Tip: Sorting in the Root Window can be helpful when debugging at
scale for locating processes in a particular state or for finding
processes on a particular node.

Question
Why are all ranks stopped at exactly the same point in the
program? Is that a coincidence?

¢ Right click on the Breakpoint icon
e Select Properties
e Change the “When Hit, Stop” property from Process to Group

I Action Point Properties
“* Breakpoint - Baffier - Evaluate  ID:1

When Hit, Stop

~ Process

~ Thread

Location:  /homedjost c/training/lahs/src/demotdpi. C+40 Addresses... |

[T Enhahle action poirt Processes

I Plant in share groLp

OK | Delete Camce\l Help |

Last updated: April 24, 2012
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Press the OK button

This closes the Action Point Properties dialog box.

e Press the Restart button in the Process Window
o (If a dialog box opens, press Yes)

This restarts the job.

Question
Note that only a subset of the processes is halted at Breakpoint 1.
Why is this?

Notes

¢ You can change the When Hit, Stop property of a breakpoint—
which defaults to Process—by selecting the File > Preferences >
Action Points command.

¢ You may have noticed that your Process Window did not focus
you on a process that was halted at a breakpoint. This is because
TotalView tries not to steal keyboard focus; it will not focus to a
different process when another process hits a breakpoint. You can
change this preference by going to the File > Preferences >
Action Points and checking the Open Process Window at
breakpoint entry.
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Step 2: Process Navigation

The Process Window focuses on only one thread within one
process. However, many commands can act on a set of
processes. This section gives you three ways to focus on different
processes (there are other ways as well):

¢ Click the P+/P- buttons on the lower side to cycle through
processes in a job

¢ Dive on a node in the Process Tab to focus on a particular
process

¢ Dive on a row in the Root Window to focus on that process

e Go to the Root Window
e Select a process that is not halted at a breakpoint
¢ Dive on it to focus on it

Go to the Root Window

Select a process that is halted at a breakpoint
Right click on it

Choose the Dive in New Window command

The Dive in New Window command allows you to have more than
one Process Window open, which means that you can see more
than one thread/process.

Training Lab Manual

Step 3: Multi-Process Control

TotalView allows you to execute process control commands (Go,

Halt, Next, Step, Out, Run To) on a set of processes, on a single

process, or even for a single thread. Here are a few ways to do this:

e Changing the focus control of the process control buttons.

¢ Using the Group, Process, and Thread menus.

o Keyboard accelerators (Group and Process menu options are
annotated with the applicable accelerator).

The process control buttons above the Stack Trace and Stack Frame

have a focus that is controlled by the combo box to their left. The
default setting is Group (Control), which essentially means all the
processes in the MPI job.

o Set the focus control to its default “Group (Control)” setting

e Press Go

o Expand the list control on the left to see Group (LockStep)

Close the Process Window that is not focused on a process that
is stopped at the breakpoint

Last updated: April 24, 2012

The Processes Tab shows group membership by highlighting the
processes which belong to the group.

T MPT_TRAE (e e GUT e o T S I

39 sleep (1) ;

MPI_Comm_size (my_mpi_comm_world, &numprocs) ;

41 MPI_Conn_tank (my_npi_conm_world, Sayid)

42 NP1 _ligt Processor_nane (processor_name, snamelen) ;

43

44 fprintf (stderr, "Process %d on %s'n",myid, processor_name);

45 sprintf (sendBuffer, "hello there from %d on %s",myid, processor_

46 next = nyid+d; /* set a barrier hers */

47 if (nextr=rumprocs)

43 next-=nunprocs;

49 previous = myid-4;

50 if (previous<0) ¥
= T P
Action F'Uims] F'rg:esses] Th[eads] P P T=] 1=

L | N KN KRN -J‘
£|
o
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e Go to the Processes Tab
¢ Dive on one of the processes not halted at Breakpoint 1

You can see TotalView selects a different set of processes.

.
S

0x007dd7h3:
0x007dd7hd :
0x007dd7hE
0007dd7he :

f T e

~ xavrdd e -

I
= bedd
O3
OxBd
OxhE
000

e

- N
andh e dE, 41T T

ret

leal
mowvh
addh

LD

O¢%es1), ®es1
50, xdh
Eml, (&eax)

-

Action Points] Prgu:esses] Th[eads]

Pl ol

Press Go

l’.

You can see that a subset of the processes is still halted at Break-
point 1. The important thing to note here is that the set of
processes that were halted at the breakpoint before you issued the
Go command are still at the same point because they were not

continued.

¢ Press the Restart button
¢ (If a dialog box opens, press Yes)

Last updated: April 24, 2012
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This restarts your application.

Note that the Kill and Restart buttons are not affected by the focus
control; they always apply to the entire control group.

Select the Tools > Call Graph command

The Call Graph shows you a graph of all the stack traces in all the
threads in all the processes in the control group, which can be
filtered by the combo box on the top of the window. This window is
often helpful for debugging at scale because it shows you all
processes graphically. In this simple example, all processes run
through to main.

(0-9)

[ __libc_start_main |

(0-9)

main
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Questions
What do the edges in the graph represent?

What do the nodes in the graph represent?

Dive (double click) on a node in the graph

TotalView creates a process group containing the processes which
are within that function. Note that after diving on a node,
‘call graph” is added to the focus control menu.

e ??__,,.a.\‘_, T el —\—\.\.-'/ et Wi e st er T i
38 MPI_Init(&arqc,Sacgv);
=1 sleep(l);
MPI_Comm_size (my_mpi_comm_world, Smumprocs);
41 MPI_Comm_rank (my_mpi_comm_world, Smyid);
42 MPI_Get processor_name [processor_name, &namelen) ;

fprintf (stderr, "Process %d on %s'n",myid, processor_name) ;
sprintf (sendbuffer, "hello there from %d on %s", myid, processor_
next = myid+4; /* set a barrier here */
1f (nexkr=mmprons)

next-=numprocs;
previous = myid-4; A

=

i =
action Points] Prgcesses] Th[eads] L | ﬁr'_
o

Select the Group > Custom Group command

This dialog box lets you create and edit process groups.

Click the Add button to create a new group

Last updated: April 24, 2012

Training Lab Manual

This creates a new group.

e Enter My Group as the name

e Select a subset of ranks, i.e., 2,3 and 4

Custom groups: tdembership of selected group:
My_aroup 1 2 5N 4 ISHEEN ¢ BEN

L

o

add.. | Remove

Lo |

¢ Press the OK button
o Answer Yes to apply changes to My_Group
e Change the focus control in the Process Window to My_Group

e Press Go
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He
demotlpi , 2 w

File Edit View Group Process Thread Action Point Tools  Window  Helg

> W@ W 59 3

Co  Halt Kill Restat | Mext Step OCut
Group (Share) S Rank 2: demoMpiZ (Stopped) SIEEEEEEEEEEL

Group (Workers) 1 (-1208043540): (Smpljjed) <5top Signal= mmmmmn"mmmlmw

Group (Lockstep) race b Stack Frame

| Group (Contral)

, FP=hiffealf |4 ||Function "main":

Rank Z cel, FP=bfffealc arge: 0x00000001 (1)
Process (Workers) FP=hfffeheld argv: Oxbfffedcd -> 0Oz
Process fLockstep) FE=hfffed38 Elock "$h1l":

., FP=hfffedds root: 000000000 {0)

Thread 1.1 full _domain_length: 0x080bZ| .

My_group sub_domain_Tength. 0x0091ad|d”
- global max: 5.942478749031¢
call_graph local max: 3.1829946512099¢

full domain: 0x080491b1 -:
. -] sub_domain: Oxbfffedl® -: &
Q. . i Drmt:\; ,qwmmqf.1o

._”M*"" St mm

The processes in My Group progress up to the breakpoint.

Question
What do you expect to happen if you now select the
call graph group in the focus control and continue the
process?

e Change the Property of the breakpoint you have set back to
When Hit, Stop Process
¢ Press the Restart button

All your processes should now be halted at the breakpoint.

If your Process Window is not already focused on Rank 0, focus
there and change the focus control to Rank 0.
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Now when you press the process control buttons, they will only act
on the Rank 0 process. This can be helpful if you only want to
control and query one process at a time. It is extremely helpful when
you are debugging a race condition.

Tips

¢ You can force determinism into a race condition by controlling
processes and threads independently because this makes
debugging easier.

¢ When debugging jobs at scale, it is recommended that you single
step individual or a subset of the processes in your job rather than
single stepping the entire job (Control (Group)).

Press the Next button twice

The process steps two line numbers. All other processes still show
orange in the Process Tab because they remained at the breakpoint.

o, . PR, e e
A - Ry T A setenr Ba, BT HerE oo - m T e
47 if (nextr=mmprocs)
48 next—=rmprocs;
49 previous = myid-4;
= 1f (previous<0)
51 Previous+=numprocs;

=

action Points"Processes" Th[eads]
2 3 45

There may be times when you want to hold a Process or Thread.
Holding a process or thread means that the Process or Thread will
remain halted until you release it, regardless of what process control
command you issue.
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Select the Process > Hold command to hold Rank 0

Observe that the process status in the process status bar is Held.

In the Root Window, this is indicated by an H.

File Edit Miew Tools ‘Windomy Help ‘
E| D | Rank/| Host | Status Diescription |

- . 0 stovepipetotaTH in main

S 1 stovepipe.tota B1 in main

. L £ stovepipe.tota Bl in main

e L 3 sluvepipe.lula B1 in roain

o 4 stovepipe.tota Bl in main

=l 5 stovepipe.tota B1 in main

e G B stovepipetota B1 in main

- 3, 7 stovepipe.tota B1 in main

e T g stovepipe.tota Bl in main

e 17 9 stovepipe.tota B1 in main

P
With the focus control still set to Rank 0, press Go

You should get a warning message that states that this is not
possible.

Question
What do you expect to happen if you change the focus to the
control group and press Go?
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e Change the focus control to Control (Group) if you haven’t
already done so

e Press Go

This continues all the processes except the one that is held.

=| TotalView 8.3.0-0 .| 0
File Edit WView Tools ‘Window Help

E| D | Rank/| Host | Status | Description

— B 0 stovepipetotaTH in main

-1 1 stovepipetotaR in _di_sysinfo_inta0

e 1, 2 stovepipetotaR in _di_sysinfo_inta0

S 3 stovepipetotaR in _dl_sysinfo_intd0

- 4 4 stovepipetotaR in _di_sysinfo_inta0

- 1 5 stovepipetotaR in _dI_sysinfo_inta0

e B stovepipetotaR in _di_sysinfo_intG0

- 9. 7 stovepipetotaR in _di_sysinfo_intG0

e 7 g stovepipetotaR in _di_sysinfo_intG0

=hh 9 stovepipetotaR in _di_sysinfo_intG0

Scroll down to line 60

Observe the call to MPI_Barrier on COMM_WORLD.

TotalView has the notion of a barrier that is implemented as an
action point called a Barrier Point.
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Click on line 60 as if to set a breakpoint
Right click on the Breakpoint icon
Select Properties

Click the Barrier check box at the top

~ Breakpoint ~ Evaluate 1D =new=

When Hit, Stop When Done, Stop
4 Group % Group

+ Process + Frocess

« Thread « Thread

Satisfaction group: Control i |

Location: demahpi.C#60 Addresses... |
7 Enahle action point Processes, . |

I~ Plant in share group

ok | [ peiete cancel | Hep |

Training Lab Manual

—'i TotalView 8,3,0-0 i | _
File Edit View Tools Window Help

=| D | Rank/| Host | Status Descriptian

-1t 0 stovepipetotaR in main

- 18 1 stovepipetota B3 H in main

-1 ¢ stovepipetotaR in main

- 7 3 stovepipetotaB3 H in main

-1 4 stovepipetotaR in main

- 1k 5 stovepipetotaB3 H in main

-1 £ stovepipetotaR in main

e 7 7 stovepipetotaB3 H in main

2l 8 stovepipetotaR in main

N E: 9 stovepipetota B3 H in main

Dive on one of the held processes

Set the When Hit, Stop option to Process
Press OK

Press the Restart button

Delete the breakpoint you previously set on line 40

Your Root Window shows that half the ranks are held at the barrier

point and the other half aren't.

Last updated: April 24, 2012

TotalView reminds you that the barrier point was set on a line that
calls MPI Barrier on COMM WORLD. The fact that all processes are
not reaching the barrier point indicates that the job is deadlocked.

Questions
What is a common cause of a deadlock in an MPI application?

What features does TotalView provide to help you with this type of
problem?
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Step 4: The Message Queue Graph and
Viewing Data across Processes

Training Lab Manual

e Select the Tools > Message Queue Graph command
¢ Press the Options button

TotalView displays a key to the messages.

Last updated: April 24, 2012

~| Options
Filter ] Layout ] Cycle Detection ] Save As.
7 Pending Sends Group (Contral) _"|
W Pending Receives
W Unexpected Msgs I Filter on specified message tags: I
MPI_C Cikdbd_WORLD Ranks:
oJv]efsfafs]efrfal]s] <
¥

I Show Options At Graph Caen
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Questions
What does the Message Queue Graph tell you?

Does the Message Queue Graph show you all messages ever
sent or just the pending ones?

Choose different Message Queue options and observe
what occurs

These options let you filter the information displayed and the layout
of the graph, save the graph, and perform cycle detection, which is
helpful if there are lots of processes with lots of messages.

Press the Halt button
Click in the Stack Trace Pane if you are not already focused
on a process showing the program’s source

Right click on the myid variable
Select Across Processes

Last updated: April 24, 2012
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myid - main - 18,1

File Edit View Tools Window Help ‘
JEA ~ HE [ EE [ K<Y
Exprassion: | myid Address: | Dxbiffectc

Slice: Filter:

Type: | int
Crocess |value i
demohdpi.0 0=00000000 (o -
demohdpi.l 0=00000007 (17
demohdpi 2 0x00000002 (2)
demohdpi 3 000000003 (3)
dematdpi4 0<00000004 4
demohdpi 5 000000005 (5)
demohdpi B 0x00000006 ()
demohdpi 7 000000007 (7
drmnkdti 7 MENO0A0N0E (71

If you already have a Variable Window open on an expression, you
can do the same thing by using the View > Show Across >
Processes command.

For SIMD applications, TotalView can display the contents of a
variable across all processes.

Step 5: Classic Launch

The remainder of this lab presents a second way of launching
TotalView, which is called classic launch. There are a few reasons
for using classic launch:

e You are using a BlueGene, Cray XT3, or a SiCortex system.
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H _
* Youwant to use the TVD subset_attach feature. This feature
allows you to attach to a subset of a job either for scalability File Edit View Group Process Thread Action Poitt Tools Window Help ‘
reasons or to limit your license usage. : - - :
¢ You want to detach from a running job and later reattach to it. Group (Contral) K| > B W g 93 i
Go  Halt  Kill  Restart | Maxt Step Cut

If you used TotalView before version 8.3, you were using classic Process 1 O N;";u”rrf;"fh‘:;;d“egr Credted

launch. This mechanism requires the MPI to collaborate with Stack Trace 0 SiEEk e
TotalView by storing information about how to attach to a job in Yo current thread 5 |[Wo curcant thread
symbols within the MPI program itself. Consequently, many MPIs
require special build options to work with TotalView.

For example, with MPICHZ2, you must use the —enable-
debuginfo and —enable-totalview configuration options.

#f

Within classic launch, to enable TotalView on an MPICH2 job: Function main in python
(0804857 Oxff  call +Eeax
008048574 Ozl
B 00804857 0x83 addl 316, 2esp
; . 00504357 o
e Type lthe foIIgwmg command: . e nancan. P
e totalview mpiexec —a —n 10 SLABROOT/demoMpi e 008045581 : xBd  leal 0(zesi), tesi
The Startuo P . b Ox05048502 : 076
e artup arameters — mpiexec menu boxX opens 0080485873 - 000
i (08048584 Oxcd  leave
¢ Press the OK Button 008048585 - Oxcd  ret
0053048586 - 090 nop
Go 008048587 090 nop
hd Press Go main: 0x55  pushl Zehp
B 0080485389 0289 movl Zesp, Zehp
This starts TotalView on an MPICH2 job using classic launch. . e o= DA23 pushl  aebx
When TotalView starts up, it will be focusing you on assembler i PR fmed call  DxED4BERT
code. 0x0804553¢ : (=00

O=0804858E: 000
008048590 000
008048591 : 0x81 34631, ebx
0080483592 O3

~ =
action Points] Prgcesses] Th[eads] P=| [F+] 7= T+|
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Question
Why does it focus you on assembler code?

You cannot set breakpoints in your code yet because your code
has not yet been loaded. If you were to press Go now, python
would execute and launch your job and TotalView would ask you if
you want to stop at that point, perhaps to set breakpoints. This is
TotalView’s default behavior. Rather than using the default, we will
show you how to use TotalView’s Subset Attach feature.

Select the File > Preferences > Parallel command
Select Ask What to do under “When a job goes
parallel”

Press OK

Press Go

TotalView now displays its Attach Subset dialog box.
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Select processes to attach to: (10 showing, 0 filtered, 10 total)

Attach | Hist Carmn Rank | Frogram %9
] ubuntuB06E-1366 0 o fdemabdapi
= ubuntub06-iJ06 1 1 Selemokdpi
) ubuntuB06-1386 2 Z fdemakapi
=] ubuntuB06-i366 i 3 Jdemohdpi
bz} ubuntuB0B-i3G6 4 4 JAdemokdpi
] ubuntuB06-i366 3 g Jdemohdpi
& ubuntuB0B-i3G6 B B JAdemakdpi
) ubuntuB06-1386 7 7 fdemakapi

=] ubuntuB06-i366 il i Jdemotdpi A

Attach All Detach All |

—Filters

I Communicator:

| 1 Array of Ranks:

I Talking to Rank: =

_£] 1 List or Ranks

IMessage Type: I Send B Recelve [T [nexpected

Apply Fllters |

7 Halt cantral group

Corinue |

Help |

This dialog box allows you to attach to a subset of the processes in
your job, listing the host names and ranks of each process. If you
have a TotalView Team license, TotalView will count only the
processes that you actually attach to for license purposes. You could
also use this feature to debug an extremely large job by debugging a

subset of it at a time.

e Unselect ranks 5 through 9 in the Attach column
e Press the Continue button

TotalView will only attach to the first five ranks and will focus your
Process Window on Rank 0.
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Click on main () in the Stack Trace Pane to view the source
code

: Rank 0: python=demoripi=0 (Stopped

Thread 1 (1076295350} (Slapped)

b Stack Trace ] Stack Frame
1 __kernel wsyscall, FP=hfeffabl |4 ||Function "main": A
g _ read_nocancel, FP=hfeffabd arge: 0x00000001 (1) J
f’ PMIU readline, FP=hfelfacd ACQV: Oxbfed05f4 ->» 0O
! PMI_Init, FP=hfel0328 Local wariables:
{ InitPG, FP=hfel0368 root: 0x00000000 {0)
It MPID Init, FP=hfe03LE3 full domain length: Oxbfe3C
;f MPIF Init_thread, FP=hfe03f8 sub_domain length: 0x08048c
I PMPI Init, FP=hfed0418 global max: 1.399794631596%
:{ mair, FP=hfel0568 local max: 5.6783075342282:
i _ lihe_start main, FP=hfed05cE full domain: 0x40109cb8 -3
3 _start, FP=hfel05d0 |= sub_domain: Oxbfed0548 -» 1
i1 TTTET TRT . NNNNNNoNn FCd NN
i Function main in demabdpi.C B
(" 26 char* sendBuffer=new char[EUFLEN]; A
v 2T chart recvBuller=new chal [EUFLEN] ;
128 char processor_nsme [MPI_MAE PROCESSOR _NaME] ;
{ 29 MPI_3tatus status;
{30 int my_mpi_comm_world=MPI_COMM WORLD;
{ 3l int my_mpi_ char=MPI_CHAR;
i 3z int my_mpi_dowble= MPI_DOUELE;
i 33 int my_mpi mecc=MPI_MAT;
34 int my mpi_int=MPI_INT;
(} 3k

36
1’- 37
;=D MPI Init(&=rgc, &scgv);
!' 39 sleepil);
{40 MPI_Comm_size (my_mpl_comm_world, Snumprocs) ;
I 41 WP Comm_rardk (ny_mpi_comn_world, Smyid) ;
{42 MPI Get processor name (processor name, Snamelend ;

IR, -

T | e ARtk T T Lt Sy
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r

File Edit  View Tools  Window Help ‘
=S| I/ | Rank | Host | Status | Diescription |
--1 <local= B python 1 active threads)

-- Z 0<local= T python<demabdpi=0 1 active threads)
--3 1<local= T python<demabdpi=1 (1 active threads)
-- 4 Z<local= T pythonedemabdpi=2 (1 active threads)
.. n Jelocal= T python-demakdpi=3 (1 active threads)
& 6 4 =local= T python<demabdpi=4 (1 active threads)

In the Root Window, observe an additional process besides the five
processes you attached to. You will see a row for the python
process, which is your starter process. In almost all cases, you
should ignore this process.

e Click the Group > Attach Subset command

e Click Detach All to unselect ranks 0 through
4

e Selectranks 5-9

e Press the OK button

TotalView is now attached to the other half of the job.

e Exit your TotalView session
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Step 6: Attaching to a Running Job

If your MPI is built with TotalView support, you can attach to an
already-running job across an entire cluster by just a couple mouse
clicks. The trick to this is to attach to the starter process.

Tip: To enable this behavior in MPICH2, you must use the -tvsu
option when you launch the job.

Challenge
Start your job using:
mpiexec —n 4 $LABROOT/demoMpi

Now attach to the entire job.
Hint: Attach to mpiexec.hydraprocess

END OF LAB 3
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Lab 4: Exploring Heap Memory in an
MPI Application

This lab will explore using MemoryScape, the TotalView memory
debugger, within an MPI application.

Expected Time: 30 minutes

Step 1: Start TotalView

e Change directories to SLABS by
typing:

e cd SLABS

e Start TotalView by typing:

totalview ./memory-mpi

If you haven't started TotalView on this program before you will
need to tell TotalView that it is a parallel application.

o If the Startup Parameters Window is not
automatically displayed, select the Process >
Startup Parameters command

e Click on the Parallel Tab

e Select MPICH2 as the parallel system

e Set the number of tasks to 4

e Click on the Arguments Tab

¢ Inthe Command-line arguments box, enter the
letter R

e Click OK
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Step 2: Setting up for Memory Debugging

Under normal circumstances it is not necessary to do anything at
compile or link time in order to enable memory debugging.

Question
1. Under what circumstances would you have to link with the
memory debugging library (1ibtvheap.so)?

e Select the Debug > Enable Memory Debugging
command to enable memory debugging
e Select the Debug > Stop on Memory Errors command

e Press Go

The application will stop at a breakpoint on line 66. Observe that the
Process status bar is annotated with [M] to indicate that you are
memory debugging the processes.
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File Edit W¥iew Group Process Thread Action Point Debug Tools Hindow Help

Group {(Control} / b i . Ib 5 s | £ @& | @ @ 9 % 2 ?‘ §§

Go Halt Kill Restart Mext Step Out Fun To|Record CoBack Prew UnStep Caller Bac%;To Live

Thread 1 (307533828401 memory-mpi (At Breakpoint 1)

Stack Trace Stack Frame
double_fres. FP=hbf9cdS68 |4 ||Function "double_fres": N
nain, FP=bf 9od5ds No paraneters, J
_-libc_start_main. FP=hf9odess Block "$hl":
o 0x09d41a78 (Allocsted) -» 0xb765
lengthy 0:000000ab {171}
Junk s 000000000 {0}

Registers for the franet

Heax: Ox0000002a (42)

vi #ecx: Oxbf9cd528 (-1080240856) -{_
Function double_free in main,cxs ElE
B0 p = (int®) malloc( length )2 £
(=5} printf ( "malloced Xdd (X#Ex» bytes at Xp'n". length. length, p 2
62 [~

B3 /¢ Breakpoint. here

&4 /¢ Show allocated annotation

=) /7 Show block properties and ensble notify when deallocated
Junk = 0

== /7 Mow releasze the mewmory the first time - legal
=] free { p )3

70
1 S4 Breslbnoint hees i
& ]
Act.ion lentsl FFECESSES] Th[ﬁads] P=| P+| 1] T+
1 main,cxx#66 double fres+0xd3 £

2 main,cxx#74  double_free+0x55
3 main,cxx#35d  nain+t0x2al

4

Step 3: Pointers

e Dive on the variable p

Note that the debugger has annotated the pointer to tell you that
the pointer is allocated. This works when displaying the variable
across all processes as well.

e Select the View > Show Across > Processes
command
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3 - double_free - 3,1

File Edit ‘iew Toos ‘'Window Help
B = HE | B K ¥
Expression: p Address: | Oxbiffedi4
Type: | int -

Process Value g
filterapp-mpi.0 T%080d06d0 (Allocated) - > Dx00002431 (3265)
filterapp-mpi.1 1%080d06A0 (Allocated) - > Dx00002431 (3265)
filterapp-mpi.2 IX0B0d06d0 (Allocated) - > (x00002431 (3265)
filterapp-mpi.3 JXDB0A0EAD (Allocated) - » 0x00002431 (9265)

e Select the View > Show Across > None command
¢ Dive on the pointer in the Variable Window
e Select the Tools > Add to Block Properties command
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oworg Blook Froperties If you want to be notified when a particular block is freed or
e reallocated, set these flags.

— Mlemory Elocks

+ 0x0E0dI6AN - 0x050d077a ; Rank: 0 .-':‘l %
o ' '“l I - e - dasdT7a Q) _ I
J | oxozodosdo 171 bhes
| = 5
IPDint of Ceallocation | Memory Content | {\]3
Eashises ‘,:__ Elock Info'mation
D |Functi0n |Line# |Source Information | : statis:
—malloc 161 malloc_wrappers_dlopen.c ’ @ The memﬂrl,'-'l block has an
guouble_free | ___ 60 J [l
—main 163 main.cis i i - = f .
- libc_start_main libc.30.6 - 4 FOIE O A EEEIE: = | Function: double_free (F
= s File: main.cxx
Source | fhomesjoshodrainingdabs/ memory_src/main.cxs - Line: GO
59 | # Request some memory = q".
60 o Elock Flags
] printf { "malloced $4d (%46« bytes at %pwn®, length, lenoth, p; .
= i {[ | Motify when deallocated
Close | Hide BacktracesCantent Help | _;I: J Nl:ltlf';.-' when reallocatad
O S
Challenge
Change the Variable Window for p to display the same information
as the Memory Content Tab in the Memory Block Properties . _
Window. Close the Block Properties Window — do not set any flags

3
Press Go in the Process Window

e Expand out the memory block in the Block Properties
Window

«  Scroll down to see the Block Flags Your program hits the breakpoint on line 74.

Select the Variable Window containing the p variable
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Click the left arrow (at the top right) to undive

TotalView tells you that the pointer is dangling. If you were to go to
the Block Properties dialog, you would notice that the stack trace
at the time of deallocation is provided. This tells you where the
program freed the memory.

Close this Variable
Window

Step 4: Memory Events and Errors

e Press Go

TotalView halts the job. But look closely at the Root Window.
Observe that three processes are halted at one breakpoint while
one process (rank 1) is at another breakpoint.

0 Q& TotalvView 8.10.0-0

File Edit Wiew Tools Window Help
=| ID | Rank/| Host |Status| Description |
e 1 0127.0,1.1 in corrupt_data
7 1127.0,1.1 in TW_HEAP_rot ify_breskpoint
= 2127.0,1.1 in corrupt_data
L B 3127.0,1.1 in corrupt_data
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o Dive on the rank that is not at the same break point as the
others.

TotalView opens a Memory Event Details Window, showing you that
the “Program attempted to free an already freed block.” TotalView
will open the Memory Event dialog when the Process Window is
focused on the process which received the event.

@ Memory Event Details - Process 7: filterapp-mpi.1 - 7

Process 7: filterapp-mpi.1l - 7 Time: 00:17:32

Event: Double free — Error: Propram attempted to free an already freed
block

Event Location Iﬁllocatian Location |Deallacati0n Location |Block [ L
il

Backtrace
ID |Functiun |Line # |SDurce Information | &
Free_booy FYYEMal lOC_1NTerposers .o
TW_HEAP_free_interposer 5207 malloc_interposers.c
free 184malloc_wrappers_dlopen.c
louble_free main,cxx
main 287 main.cxx
__libc_start_maln libc.so0.6 i
Sourcel Jhome/demouser/sroc/main . cxx

83 |7/ and continue the demo.

&6 |void corrupt_datal)
87 | €
a8 int i. i |

Memory File
View in Block Properties windowl Help |

(Generate

Observe that the Event Location Tab in Memory Event Details
Window displays the location where the process is currently halted.

49



Rogue Wave Software, Inc. ©2012

Questions

2. Where can you find the same information as is displayed in the
Memory Event Details Window’s Allocation, Deallocation, and
Block Details Tabs?

3. What are the stack frames above the frame for free() and why
does TotalView report that the process is at a breakpoint? Is
this a breakpoint you can disable or delete?

4. Since TotalView does not automatically focus you to a process
when it receives a memory event what can you do to make
sure you do not miss an event? How can you recover the
event information should you miss it?

5. Why does the process list in the bottom left corner only have
one process?

Close the Memory Event Details Window
Select the Debug > Open MemoryScape command

The MemoryScape Window will open. This is where you can run
the Heap Memory Reports and enable or disable various memory
debugging options.

Last updated: April 24, 2012

Training Lab Manual

October 1, 2009
Add Programs
Add new program
Add parallel program
Attach to running program
Add core file
Add memory debugging file

Generate Reports

Heap Status Reports
Leak Detection Reports
Memory Usage Reports
Corrupted Memory Report
Compare Memory Usage

Other Tasks
Export Memory Data

Memory Debugging Session

IMemery Debugging Guide

Analyze your memory debugging data

Memory debugging data is available for analysis. Select a report to view memory debugging data.

Leak detection source report
Heap graphical report
Heap status source report

[Rark [Event  [EventTime [Smws  [Host |

0 | =

Process Status and Control

Parallel Job fiterapp-mpi.0 (MP1)
- MP|_COMM_WORLD
# f

Heap Usage Monitor

L] I,

Click on the Manage Processes Tab and on the Process
Event Subtab
Select By Event Report

This report allows you to view an aggregation of all events that have
occurred across all processes.
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MemoryScape 3:0.0-2 (on toro)

ctober 1,

Event Reports -
By Process

Save Data
Export Memory Data

filterapp-rapi. 1

Event: Double free - Error: Program attempted to free an already freed block

Event Location |AHocanom Location | Deallocation Location | Block Details

Backirace
free &2 malloc_wrappers_dlopen.c
double Iree S eimanc
main 287 main oo
Select process(es) __libc_start_main libcso.B Tl
/ Source | fhome/cschneider/demodvd_staging/srofmain.cxx
1 filterapp-mpi.d \ 1 v = o
/i and continue the demo.
void corrupt_data()
! g
= =

Question

6. What kinds of memory events and errors can MemoryScape
provide events for?

Examine the kinds of memory events and errors MemoryScape
provides.

Click the Memory Debugging Options Tab

Press the Advanced Options button

Click the Advanced button — this is within the Halt execution on
memory event or error area
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Step 5: Heap Reports and Leak Reports

Dismiss the Memory Event Details Window

In the MemoryScape Window, disable Use Red Zones for
MPI_COMM WORLD

In the Halt Execution > Advanced Options disable
Double_free event

In the Action Points Tab of the TotalView Window, disable
everything except the last breakpoint at line 354

Click Process/Startup Parameters and select the
Arguments Tab

Delete the entry in Command-line arguments

Click OK

Press Restart (if a confirmation box appears, click Yes )

This should result in all processes being stopped at the remaining
active breakpoint. It will take a minute for Rank 1 to reach that
breakpoint.
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File Edit View Group Process Thread Action Foint Debug Tools
Window Help
erpl:cﬂﬁtrﬂl:l .r| b I' _ ' ﬁ ‘g g ‘* i |
Go Halt Kill Restart) Mext Step Out Fur re
_____ Fiank 1: filterapp-mpi.1 (At Breakpoint 9) [M]
QSR Thread 1 (2023404292): fiterapp-mpd (At Breakpoint 99 ]IS
Stack Trace 4 Stack Frame
C+ | main, FP=bfcb2928 |2 || Function "mal|2
_ libe_start_main, FFeubfob2398 arge: 0x00|"
_start, FF=bfck23al argv: (Oxbf
Local wariab
al: Q=09
al: 0x092
bl: D:H:E? r
Function main in main,cxo _"
348 /* breakpeoint here™/ =
349 f* diseuss heap view {(graphical and source)
SED * ghow leak detection
351 * show filtering
352 *
353 #ifdef USEMFI
MEI_Finalize():
355 #endif
356
3587 raturn 0;
-
£
. i=
Action F“nlms] Pmcesses] aneaﬂs] P-| P+]| T-] T4
T L MaE L ;r. CEI¥FIUT = COLIUpPpL _OdL ayusEJo i
4 main.cxx#l2l corrupt_data+0xTd
5 main.czxz#297 main+lxa?
& main.cxx#228% maintOxae J
7 main.cxx§22% main+Dzb3
9 main.cxz#354 main+0=307 F

Heap Graphical Report

¢ Select the MemoryScape Window

e Click on the Memory Reports Tab, then Heap Status Reports
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e Select memory-mpi.1 in the Process Set control

Generating memory reports is an expensive operation, so we
recommend generating reports one process at a time. That being
said, generating memory reports across several processes can be
helpful, for example if you want to compare the differences across
these processes. However, the Heap Graphical Report only analyzes
one process at a time. If you want to view your heap status across
several processes we recommend using the Heap Source Report.

Select Graphical Report

eak ion - | Heap Stat | Mem e - | Corrupted Memory | Memory Comparisons
fpril 17, 201| Heap Status Graphical Report

| Optians
*t Memory Dats| |V- Detect Leaks m Relative to Baseline Ml Enakble Filtering

Bl e 5 B

Process 4: filterapp-mpi.l f

Status Report:
e Report
irace Report

i
I
‘OxOBbddOES - 0x08c14118 (220.19KB)

Reports Categ
Detection Rep
+y Usage Repor
ipted Memory F
e Memory Uss

— 11— ————————————— & —————— T
Tasks e =
age Filters

Heap Information |Eacktrace/Source | Memory Content

Overall Totals - Selected Block l-Related Blocks

ess Selection

Heap

T T BrDAllocated  §7.27KEB
e T BrODeallocated 129.83KB
P e srDHoarded [
e BHOLeaked Unknoun
erERed Zones 0

P Filterapp|y
I

= =

The Zoom-In and Zoom-Out controls at the top right of the window
will help to zoom out to visualize how your heap memory is
fragmented, or to zoom in to particular memory blocks.
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Observe the Key and Overall totals in terms of counts and bytes in
the Heap Information Tab.

e Scroll to the top of the Graphical Report
e Zoom in so that you can select the very first allocated block
displayed.

MemoryScape fills in the Selected Block and Related Blocks
Panes.

Heap Information IBacktra:e/Suur‘:e Memory Content I

rOverall Totals l-Selected Block ——— - Related Blocks

Category |Bgtes | Froperty |\/alue | Category

Heap Start Address Ox03bdd0gs Backtrace ID 51

rrOAllocated 87 .27KB End Address 0x03bdd08+ s-OAllocated

p-ODeallocated LZ9.83KB Size 8 prOCorrupted Guard Blc

8- DHoarded 0 Type Allocated B-mDeal located

B-Leaked Unknown . Filtered No b-EGuard Blocks

erERed Zones o] Backtrace ID 51 m-OHoarded

Allocator cC m-Oleaked 7

R/ = Niner o R—— =

Questions:

7. How does MemoryScape define a related heap block?

8. Why is it useful to know about the related heap blocks?

At the top right of the Heap Graphical Report you should see a list
control that says “Leaked Block.”

Select Related Block from this list
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This control is provided to navigate between blocks in the heap
graphical view.

Click the Find next arrow (the right arrow next to the list control)

This will select the next related memory block and focus the graph
on it. Note that the Selected Block Pane has been modified to
indicate information for the current selection.

Right-click on the block and select Properties

Any time you select a memory block in a memory report you can
right-click on it to get at the block’s properties.

¢ Close the Block Properties Window
e Select the Backtrace/Source Pane

The Backtrace Tab will show information pertaining to all allocations
organized by backtrace. The selected backtrace is the backtrace for
the current selected block and consequently all related blocks.

Expand the selected backtrace

You can now view the backtrace and source for the allocation point.

Check the leak detection option above the graph
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Observe that the grap

Yy Rey

Summary | g
April 17, 201] Heap Status Graphical Report
Save Data (Untiﬂﬂs

Export Memory Dats| | B Detect Leaks M Relative to Baseline Bl Enable Filtering

]| b et

Heap Status Report:
Source Report
Backtrace Report

Process 1: filterapp-mpi.3

|
ETRETEEE R
Other Reports Catey |[0x09134058 - 0x0913a53a (26.72KB)

Leak Detection Rep
Memory Usage Repor
Corrupted Hemory F
Compare Memory Lss

Other Tasks
Manage Filters

Heap Information | Backtrace/Source IMEmDrH Content
Backtrace Source
[/usr/include/c++/4.4/hite/s

Process Selection

__copy_mlconst
3

__huiltin_memmove
sizeof (_T
_result +

Parallel Job fil MPID_nem_mpich2_init
g MPT_COMM_WORL MPID_nem_init r
Pfilterapp- MPIDI_CH3_Init

return

A Filterapp- MPID_Init
P Filterapp-y MPIR_Init_thread
A = PMPT_Trit s |
el e L

Question

9. Why doesn’t the graph display memory leaks by default?

Heap Source View

e Select MPI_COMM WORLD in the Process Set control in the
MemoryScape Window

e Select Source Report from the list on the left, under Heap
Status Reports
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April 17, 201
Save Data

Save Report...
Export Memory Dats

Heap Status Report:
Graphical Report
Backtrace Report

Other Reports Catey
Leak Detection Reg
Memory Ussge Repor
Corrupted Memory R
Compare Memory Uss

Other Tasks
Manage Filters

Frocess Selection

Farallel Job il

LR MP I_COMM_WORL
£ filterapp-
A filterapp-

# filterapp-fy
==

Heap Status Source Report

Data Source
{O-Qllucatiuns 4 Deallocations 4 Hoard ¢ Red Zones

m-Frocess 4: filterapp-mpil.l 87.27KB 217
thilterappfmpi 87.27KB 217
m-Frocess 5: filterapp-mpil.o 18.10KB 76
B-filterapp-mpi 18,10KB 6
-Process 3: filterapp-mpi.Z 18.07KB 74
B-filterapp-mpi 18.07KB 74
F-Process 1: filterapp-mpi.3 18.07KB 74
B-filterapp-mpi 18.07KB 74
e———————————————————————————————|
Backtrace

1D |Function |Line # |Source Information

Questions

10. How does the Source View organize information?
11. Do you see anything peculiar with the number of bytes and
allocations in the processes?
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Expand out the process that is running memory-mpi.1, Questions

memory-mpi, main.cxx, and myMalloc to show Line 32

using the tree controls 12. Do the memory blocks allocated in myMalloc () all have the same
backtrace? Why or why not?

13. How does MemoryScape define the allocation focus point for a
memory block?

d Hemary | Hemory Cond 14. Under what circumstances is MemoryScape’s choice of the

allocation focus point not optimal?

April 17, zoi|Heap Status Source Report
Save Data "Data Source Options

Save Report...

# Allocations ¢ Deallocations ¢ Hoard ¢ Red Zones
Export Memory Dats

’7_| Detect Le.

Heap Status Reports Process |Bgtes fi |Enunt |Begim Addres:
Gr;)phical Repfpt | |mProcess 4: filterapp-mpi.1 87.27KB 217
Backtrace Report E—Filter‘appfmpi 87.27KB 217
myClassB.cxx 66.01KB 131
Of;‘:; 5;5;’;:;:3;:2 st1_algohase.h 17.01KB 57
M U R myClassA.cxx 2.00KB 4 . . . . . .
(T e Sl S 1280 24 ¢ Right click on main () in backtrace 83 (or the first backtrace in
Compare Memory Usz myMalloc 1088 17 the |ISt)
Other Tasks 32 I ) I ) I .
e - 192 7 ¢ Select Set Allocation Focus Level
new_allocator.h 1024 1
Process Selection =
EBacktrace Source . .
frocess || /1o [iFunction [Line # [source : | This tells MemoryScape to focus on the frame directly above

B o1 “rallon( int eize ) myMalloc (), since you are probably not interested in the malloc

DRSS e ; wrapper, myMalloc (), but rather the function that called it.

- MPT_COMM_WORLE gm '
ATilterapp &3 )

# F1lterap-iy return mallocl size );
==
B B ) = I = )
Click on main ()
Select Line 32 in the Backtrace Pane Observe that the backtrace now appears there.

This displays several of the backtraces in the Backtrace Pane.

Expand the first backtrace
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;.-->’ gmyt:lass.ﬁ..cm 640.00KB 1280
5 hain. cxe 163.22KB 2585
< main_______ [ 156.85KB]  2423] |
q-L, vl U F R, Wﬁ—
i
sAcktrace [ Source
.| Function | Line # | Sounf) | |/homesjoshc/
ﬁaa 193
TW_HEAP_malloc_interpaset 2525 mallon 194 int * =
/| malloc 161 mallo 195 |  for( in
i__._.:-“? myrdalloc 32 main. 196 [
T _m n Wm
J.II:'u:_ stan_ mam Y r“{mc e e o

Click on myFunc

Observe that the allocations associated with this backtrace now
appear under myFunc instead of myMalloc.
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-\I} I NI LA ToJ.oo Dy [ i)

’{ main 156.85KB 2423

) myFunu:: 6.20KB 160

. cnrrupt data 128

A

i l
",

Backtrace | Source

( | Function I Line # I Sour ‘homefoshc/de
£l | 41 | int " allo
{ T _HEAF_malloc_interposel caca mallon 4z int i

s malloc 167 mall;

Y myMalloc 32 main.i

myFunc_________ | d4[main

A main 171 mair.

I 0B o o oo o ofs vl A Feed i
— == x_ﬁﬂ_.._v,{

U e N R =

Filters

A large application that allocates a lot of memory can generate very
large reports. Under these circumstances it may be helpful to focus
on the information you are interested in by filtering the memory
blocks that are displayed. Filtering memory blocks results in the
blocks not being displayed in the Source Report, while filtering in the
graphical view results in the blocks being dimmed.

Select the Tools > Filters command
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Add Filter

This window allows you to Add, Edit, and Remove various filters.
The filters are applied starting from the top and there are controls
to move the filters up and down.

Filter name:

—Exclude data matching Evaluate |
Memory Debugging Data Filters Add
= — 4 any of the following “* allocation focus entry anly
e e «add < all of the following + all backtrace entries Remove |
Filter Mame | Owner | Data Filtered d';
. Property Cperatar Wz Persistence @
fﬁd't"' 1 IPrDcesstibrary Mame contains Permanent
?Remwe =) =
The conditions defined here are evaluated in the order shown, using the
@ g' settings ahove.
— Trn irmnrmye nednrmancre nlare the conditinn that will remowee the mnct '

Enahble &ll |
Ei = Disahle All |

Help | Ok | Cancel

Help | Close | Cancel |

Enter Only main for the Filter name

In the Property column, click the list control to specify Function
Name

Select not equals within the Operator column’s list control
Enter main for a Value

Press the OK button

Click the Add button
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L
-

fiFiIter name: |Snly main

J-.-EExclude data matching——— —Evaluate

7 i A i
1 any of the following allocation focus entry anly

kS

i~ all of the following
)

¢ Froperty Cperator Valuel Persistence
R
not eguals £ main

I

+ all backtrace entries

s

= -
et /‘ ey A o
e, e ol ", = LT "
. . gy

oo il el BTt SRS e

Observe that the Filter gets added to the Filters Window.

e Press Ok in the Filters Window
e Check Enable Filtering in the Options box at the top of the
report

Explore the resulting Source Report and note that only memory
blocks where the allocation focus point is main () are displayed.

e Disable filtering
¢ Right click on myClassA.cxx
o Select Filter out this entry

e}y C assB. Cx

Clg My T ass 8 cxx

Filter out t1is entry
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This initializes the filters dialog with the context from your selection.

-,
'j.‘-—'ilter GEERSource File Mame containg myClassd.ome
e .
?N{Exclude data matching— —Evaluate
i+ any of the following “* allocation focus e
l 4 all of the following - all backtrace entr
:'l Froperty Operator Yalue
>1 FProcess/Library Mame contains |ﬂ|terapp—mpi
l’E Source File Mameo contains |myCIassr“..cHH
'-..- — rﬁ-"-.-. — ’-\. - - - r o, — 'l" ey =il e -'T
Click OK

This accepts the filter’s pre-filled-in values. It also automatically
reenables filtering and regenerates the view for you. However, in this
case this is not what we wanted because our only main filter is still
active.

e Select the Tools > Filters command
e Uncheck the filter with the name only main
e Click OK

Observe that the display shows only blocks which do not have
allocation focus points in the file myClassa. cxx.
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Leak Detection Memory Usage

Click on the Memory Usage Tab
Select Chart Report

o Disable filtering
o Select Leak Detection Reports from the list on the left

e Select Source Report

Save Data
Save Report...
Export Memory Data..

Leak Detection Repo!

v | Heap

Memoryscape 5:0:0-2 (0N £oro)

octeber 1, 2008 Leak Detection Source Report

Option:
H Relative to Baseline B Enable Filtering

24.59MB

Process Selection

Parallel Job filterapg|

Compare Memory Usé| | MB
5]
Process Selection .
Process (rank)
Questions Parallel Job fiterape|| | .

15. How does MemoryScape define a memory leak? 287VB  23B.25KB  1850.13KB | 11.95KB 88.00KB: 4.57MB
& Process 3: fiterapp-mpi3  287MB  236.25KB 1350.13KB | 17.25KB 92.00KB 4.57MB
7] & Process 4: fiterapp-mpi2  287MB  236.25KB 1850.13KB  16.62KB 92.00KB 4.57uB o

16. How is generating a Leak Report in the Leak Detection Tab

different from detecting leaks in the Heap Graphical or Heap
Source Reports?
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Unselect Total VM and Stack VM in the Options area
Select Bar (Stacked) in Controls area

MemoryScape 3.0.0-2'(on toro)

Heap Status Reports
Lezk Detection Repor
Corrupted Memory Re

e

m-Process 5. filterapp-mpi. 1 127354
EEROR | - filterapp- mpi 24 59MB 127354 Otz f, 20 Memory Usage Chart Report
Other Reports Categ| | w Process 4 flterapp-mpi2 1088 17 Save Data r Options——————————— Controls
Heap Status Reports & filterapp- mpi 1088 17 Save Report... M Text W Heap M Total VM Hl ) §
@S?u%”{eﬁé’ﬁqfipﬁé i TCQSS 8 filisiEe-mel & 1088 17 Export Memory Data.| | M Data W Stack B Stack VM L
Compare Memory Us: filterapp-mpi 1088 17
| |=>-Process 1 filterapp-mpi.0 1088 17 Memory Usage Repo
Other i filterapp-mpi 1088 17 ol Process Report
Wanage Filters = = Library Report

Backtrace L, Source a0

’_ | Other Reports Categ

w-Process 1. filterapp-mpl.0
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18.

19.
20.
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Questions

What rank is clearly using more heap than the others?

Does memory debugging having to be enabled in order to view the
Memory Usage Reports?

Why do the two reports show different values?

What might the Memory Usage Report be useful for during a
debug session?

END OF LAB 4

Last updated: April 24, 2012
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Lab 5 Debugging Memory
Comparisons and Heap Baseline

Expected Time: 15 minutes

Step 1: Memory Heap Baseline

Memory heap baseline is used to dynamically observe memory
use from one point of a programs execution to another. Once set
or reset, the memory Debugger will begin remembering all heap
operations that occur within the thread.

The goal of this lab is to demonstrate how to compare memory at
different points in the program execution.

e If TotalView is running, close TotalView.
e Change directories to SLABS by typing:
cd SLABS
e Start TotalView by typing:
totalview ./filterapp-mpi
e If the Startup Parameters Window is not
automatically displayed, select the
Process > Startup Parameters
command
Click on the Parallel Tab
Select MPICH2 as the parallel system
Set the number of tasks to 4
Select the Debug > Enable Memory
Debugging command to enable memory
debugging
e Select the Debug > Stop on Memory
Errors command

Last updated: April 24, 2012
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e Press Go

Now at the first breakpoint line 235 (bool loop = false, runforever,
runRedZones=false;).

e Select the Debug > Open
MemoryScape command

e Click on the Manage Processes Tab
and on the Process Event Subtab

e Select By Event Report

e Click the Memory Debugging Options
Tab

e Press the Advanced Options button

¢ In the Halt Execution > Advanced

Options disable Double_free event

Set a Heap Baseline in TotalView

e Select from TotalView gui Debug > Heap
Baseline( in Group )

3
e Press Go L=

Check the memory use from the previous baseline.

e Select from TotalView gui
Debug > Heap Baseline( in Group )

13
e Press Go L&

You should be at the breakpoint on line 280 (double_free();)
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Examine the progress of the Heap Memory versus the baseline:

e Select from TotalView gui
Debug >Heap Baseline>Heap Change Summary

The report should look similar to the following:

® Heap Change Summary

166malloc_wrappers_d
[ [ WPID Dataloop_alloc_and cop\ _ 38ijstl_algobase.h ]

= e t
sizeof(_Tp) * (__last - __first));
return __result + (__last - __first);

Note that you can select either New Leaks or New Allocation and
view the backtrace and the source of the leaks or allocations..

e Select from TotalView gui
Debug > Heap Baseline( in Group )

Press Go
Select Debug >Heap Change Summary

Last updated: April 24, 2012
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The first Heap Summary should have no new leaks and no new
allocation.

Examine the New Allocations and new Leaks

e Press Go

e Select
Debug >Heap Change Summary

The second heap Summary should look like the following:

® Heap Change Summary

Questions

1.) How would you verify the new allocations up to this point?

Step 2: Memory Comparisons

Memory comparisons can be used to compare the allocations, leaks,
and deallocations between two processes. They may be two MPI
processes, two processes from the same executable operating on
different inputs, or a live process and a post-mortem process
(whether that is a core file or a memory debug file).

You should be a the breakpoint line 353 (MPI_Finalize();)
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Click on the Memory Comparisons report
Select filterapp-mpi. 0 for Process 1
Select filterapp-mpi.1 for Process 2
Press the Compare button

Expand the process for filterapp-mpi

fpril 23, 201|Memory Comparison Report
llew Options | Data Source

eport. . .
t Memary Datz

Filterapp-mpi.0/filterap. .. 69 . 36KE C 8
filterapp-mpi B9.36KE 194 69,17KB| 149 8
myClassB .cxx 66.01KB o 66.01KB 131 [
myClassh.cxx 2.00KE o 2.00KB 4 0
new_sallocator.h 1024 o 1024 1 o
main.cxx 192 o 192 7 0
stl_slgobase.h 162 194 - 6 S
=
Session 1 Source | Session 2 Souree |
| |

eports Catey| o Red Zones
Status Report
4 Usage Repor|
oted Memary F
re Memory Usz

on + | Heap

# Allocstions  « Lesks

4 Deallocstions & Hosrd

Session 1: [Filterapp-npi.0 -
Session 2: [Filterapp-npi.1

’— Frocess Comparisons

Training Lab Manual

Select the Add memory debugging file under Add Programs
from the task list on the left

Select the file you just created, using the Browse button

Press the Next button

Select Analyze Data

Select Memory Comparison Reports

Select filterapp-mpi.0 as Process 1 and the filterapp-
mpi .0 memory debug file (the file you just opened) as Process 2
Press the Compare button

2ction ~ | Heay

Memory Comparison Report

Data Source

2.) Observe the bytes and counts reported for Session 1. Why
are they zero?

3.) What allocations are not displayed in the Memory
Comparison Report?

Process Comparison
4 Allocations  + Leaks || Session 1:|therapp-mpi‘0 {File: fiterapp- mpi-0.mdbg) -

+ Deallocations + Hoard || gogaion o Iﬂ\terapp-mpio

« Red Zones
filterapp-mpi.0 0 0 0 0 0
Question

4.) Why is there no difference?

Go to the Home > Summary Tab

Select filterapp-mpi. 0 in the Process Status control
Begin creating a memory debugging file by selecting Export
Memory Data from the task list on the left

Accept the defaults by pressing the Export button

e Select the Home > Summary Tab

e Select one of the processes

Press the Debug in TotalView button on the tool bar to
display a Process Window

Scroll to line 260

Right-click on the line number and select Properties
Click on the Evaluate check box

Type the following in the expression field:

Last updated: April 24, 2012

loop = rank == 0;
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goto 353;
e Press OK

You have now set an evaluation point on line 259.
Questions

5.) What does this evaluation point on line 259 do?
a. Hint: Search the TotalView User Guide for Eval
Points.
b. What other commands can be used at an eval
point?

Last updated: April 24, 2012
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@ Action Point Properties

+ Breskpoint - Barrier “* Evaluate I0: <hew:
Expression:

loop = rank == 1;
zoto 3547

L4+ O s Fortran - Azsenbler

Locationt srocsmnain,cxs#2a0 Addrez=zes, .. |

Im Enable action point (in 13 Processes, .. |

- Plant in share grous

Ok | lelete Cancel He 1= |

o Disable all breakpoints except the last one in the Action Points
Pane and the new evaluation point

o Press the Restart button (if a confirmation box appears, press
Yes)

o Wait for all four processes to halt at the breakpoint

¢ Go to the MemoryScape Window

e Select the Memory Reports Tab
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¢ Select the Memory Compare Report

e Make sure that both filterapp-mpi.0 and the
filterapp-mpi.Omdbg file are selected

e Press the Compare button

fApril 23, z01z
e Options
2WporT. ..

t Memory Data...
Reports ies
Status Reports
Usage Reports

Sted Hemory Report
re Memory Usage

Process Selsction

_COMM_WORLD

Process Comparisons
Session 1: [filterapp-mpi.z (File: filterapp-npi-2.ndog) -

Session 2: [Filterapp-mpi.Z

# aAllocations ¢ Leaks

# Deallocations & Hoard

+ Red Zones

!l‘xlter“app-mpi 2 17.07KB ~17.07KB

#-Filterapp-npi 17.07KB ~17.07KB
main. cxx 88

0 o
0 o
0 a
0 0

oo
T

e g =

Session 1 Source |Session 2 Source |

[ /home/demouser/ ty-src/nain, cxx

filterapp-mpi.0
L1
= p0 = (int *) malloc( size * sizeof( int ) );
Filterapp-mpi.3 |y
—~ P2 = (int *) malloc( size * sizeof( int ) );
B = :

Questions
6.) Under what circumstances might you want to compare the
differences between a live process and a post-mortem
process?

7.) What other kinds of memory reports can you generate on
a memory debug file?

Most memory debugger reports can be saved for later use. To do
so, select Save Report from the task list on the left.

END OF LAB 5

Last updated: April 24, 2012
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Lab 6 Memory Corruption discovery
using Red Zones

This lab will explore using Red Zones and Guard Blocks with
MemoryScape.

Expected Time: 40 minutes

Step 1: Memory Corruption

Questions
Review: What types of Memory Corruption can Heap

Interposition technology help you with?

Training Lab Manual

e If the Startup Parameters Window is not
automatically displayed, select the Process >
Startup Parameters command

Click on the Parallel Tab

Select MPICH2 as the parallel system

Set the number of tasks to 4

Click on the Arguments Tab

In the Command-line arguments box, enter the
letter R

e Click OK

Turn on memory debugging.

e From the TotalView gui: Debug>Enable Memory
Debugging
e Debug>Stop on Memory Errors

Review: When can you get notified that your application has

corrupted memory?

Change directories to SLABS by
typing:

cd SLABS
Start TotalView by typing:

totalview ./memory-redzone

Last updated: April 24, 2012

e Select the Process > Go command

TotalView should stop with a double free event

e (o to the TotalView Window

e FocusonRank 1

e Select the Process > Go
command

TotalView runs just Rank 1 to the breakpoint at line 109 so that it is
synchronized with all other processes.
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Help
Description

|

File Edit View Tools Window
3| 1D/ | Rank Host Status
@ 1 3127.0.1.1 33
& 3 2127.011
@4 1127.0.11
@ 5 0127.0.1.1

filterapp-mpi.3 (1 active threads)
filterapp-mpi.2 (1 active threads)
filterapp-mpi.1 {1 active threads)
filterapp-mpi.0 (1 active threads)

¢ If open, close the Memory Event Details Window
¢ Select the Debug > Open MemoryScape command

From the TotalView gui:

Process Event Subtab
e Select By Event Report

¢ Click on the Manage Processes Tab and on the

¢ Click the Memory Debugging Options Tab

e Select MPI_COMM WORLD in the Process Set control
¢ Press the Advanced Options button

e Check the Guard allocated memory option

This will enable the option globally across MPI_COMM_WORLD. If
you select an individual process in the Process Set control, any
configuration changes will only apply to the process which you

select.
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Question
1. What types of memory corruption can the Heap Interposition
technology help you with?

2. When can you get notified that your application has
corrupted memory?

3. How can you change the bit pattern that TotalView uses to
paint the guard regions?

e Dive on the variable p1
¢ Dive through the pointer in the Variable Window
e Cast pl to an array of size 16

This shows pl as being an array.
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pl - corrupt_data - 1.1

File Edit “iew Tools ‘Window Help | e Dismiss the Variable Window
p— o Disable the breakpoint at line 109
0 ] FE B[ K€ P |
Expressian: | “(p1) TlElees W e Run the whole group using Go &
alize: | [] Filter:
Tyae: | int[16] TotalView runs the job to the breakpoint at line 121. Note that the
= for loop overwrites the bounds of the array by 1.
Zield LD |

[
[1]

[4]
[4]

[E]
[7]

4]

[1a]
(1]
[1€]
[14]
[14]
[13]

0=00000000 (0)
000000000 (0)
0x00000000 (0)
0x00000000 (0)
000000000 (0)
OX00000000 (0)
000000000 (0)
000000000 (0)
000000000 (0)
000000000 (0)
0x00000000 (0)
0x00000000 (0)

)

)

)

)

Ox00000000 (d
Ox00000000 (d
Ox00000000 (d
Ox00000000 ¢

Question

4. Why didn’t MemoryScape halt your program at the time it
overwrote the bounds of the array?

Go to the MemoryScape Window

Click on the Memory Reports Tab

Select filterapp-mpi.0 in the Process Set control
Select the Corrupted Memory Report

The Corrupted Guard Blocks Report will check all heap regions with

guards to see if their guard areas have been corrupted. Note that the
view shows you the preceding and following memory blocks in order
to help locate the problem.

Challenge
Modify the Variable Window display to show the contents of the

pre- and post guard regions.

Last updated: April 24, 2012
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TEmory Scape 3101072 (R 7o) =]

Cotober 1, 2009
Save Data

Options
Save Report. o
Export Memory Data... #l Enable Filtering

Other Reports Categories
Heap Status Reports
Memory Usage Reports
Leak Detection Reports
Compare Memory Usage

Corrupted Memory Report

|onosodoss St byies orosodoizr| | |esosedorso 4 bytes oos0doi7f| | |oxosednise 54 bytes wvi00d0 17|

|ossodn o 54bshs oxosoguazi| |oxosodozes 545 cosogozs| | oxosodonn 54 bytes ounsonadi|
E

Other Tasks
Manage Filters

|ossoss Stbsts Ounena0337| [punsod0zso 54byes ouosod0sef| | ouosndozss G4 bytis 0uns030347|

|annzadian Stbpks oxosodoast| |oansodosss s4byes Ox0s0d0as?| | 04050d04bo Sibyhs unsndoset| o]

Backirace/Source] I Memory Content

Backirace L, Source
Ime/cschneider/demodvd_slaging/srdmaim CxK

Pracess Selection

Parallel Job fil i malloc 166 malloc_wrappers_dlopen.c
arallel dob filterapp-mpl. corupt_data | 10

- MPI_COMM_WORLD:

main 295 main.coc
__libc_start_main libc.s0.6
ig t\}terapprmp\ l _start filterapp-mpi
=1
& - 1)

¢ Right click on a Corrupted Block
e Select Properties
¢ Click on the Memory Contents Tab

Observe that memory was overwritten.

008041142

“ | Ox080d1156
0x080d116=

Iemary content as selected format
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¢ Dismiss the Memory Block Properties Window

o P

ress Go in the TotalView Window

Process 4: filterapp-mpi.1 - 4 Time: 1042352
Event: Guard corruption error - Bounds error: The guard area arcund a
block has been overwritten

Event Location | Allocation Location | Deallocation Location | Block D < -
Backtrace

ID | Function | Line # | Source Information

FTV_HEAF _notify_tv
=TV _HEAF_notify _event

1584 tv_heap_targel.c
1768 tv_heap_target.c

= chenck_guards 1851 malloc_interposers.c
= free_body 4811 malloc_interposers.c
=TV _HEAF_free_interposer 5087 malloc_interposers.c
- free 182 malloc_wrappers_dlope

corrupt_data

125(main.cxx ri

-J

i

Source [ Ihomeﬁubuntdsrdmaln.c;x

1187 ff Breakpoint hera,

118 ff Ched: Heap Status Comupt Guard Blodk View to scan

120 | /i all blocks for cormuption.

121 i=0

122

123 | & Corrupt Guard Memaory Event on freg{).

124 freei il :Il;

126 ]

I =

-~ Generate

Memory File

[ese ]|

WView in Block Properties window

tl'B'Pl
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Your job will continue and when the processes actually free the
memory block, TotalView will halt your job with a guard corruption
event. You can view this information either in the Memory Event
Details Window, which opens when you focus on a particular
process, or when looking at the Process Events Report.

Go to the MemoryScape Window

Click on the Memory Debugging Options Tab > Advanced
Options

Select MPT_COMM_WORLD in the Process Set control

Click twice on Guard allocated memory to disable it

With the exception of enabling memory debugging, memory
debugging options can be toggled on and off in the middle of a
debug session. The reason you needed to toggle this option twice
to turn it off is because you selected MPI_COMM_WORLD, which
represents a group of processes. MemoryScape does not try to
resolve the state of all options for each process in the group.

Question
5. Why can’t you toggle the Enable memory debugging
option while the program is running?

Step 2: Red Zones and Heap Reports

o Under the Memory Debugging Options Tab, enable
Use Red Zones to find memory access violations
¢ Go to the TotalView Window

e Press Go Press Go

Last updated: April 24, 2012
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E Memory Event Details - Process 5: filterapp-mpi-1 - 5 (on toro) <

sigaction_handler 207 signal_manager.c
__kemel_rt_sigretun @ syscall_library@-32

corupt datarz | 150maincxx |

A Memory Event occurred in a function called corrupt data rz,
which is similar to the corrupt data function involved in the
previous step. With Red Zones, however, the event is triggered
immediately at the point when the program tries to write beyond the
array bounds. That point is displayed in the Event Window's Source
pane.
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¢ Click on the Block Details Tab in the Memory Event Details
Window

e Examine the memory contents.

Question
6. Was the memory beyond the array bounds actually
overwritten?

¢ Dismiss the Memory Event Details Window

¢ In the MemoryScape Window, click on Memory Reports, then
Heap Status

o Select the Graphical Report, and scroll down in the graph
pane past the end of the mostly-green set of blocks

©® @ MemoryScape 3.2.3-0

May 15 Heap Status Graphical Report
Save Data Options
Export Memory Dats

ol Detect Leaks Bl Relative to Baseline §l Enable Filtering

Hl]

Heap Status Reports
Source Report !
EBacktrace Report | |[0x0889d058 - 0x088a1188 (16.30KB)

Other Reports Cates| | e e e e e e e e e e e e e e e e ——

Leak Detection Rer| | === —=——————
Memory Usage Repor —

Corrupted Hemory F [0x08839d058 - 0x088a1188 (16.30KB)
Compare Memary Osz

|Oxb621¢fc0 - 0xh627a000 (372.06KE)
| s

Other Tasks

In the lower set of blocks, the crosshatched areas indicate where
Red Zone placements start. The full size of the Red Zone includes
some additional memory, which is shown in grey in the graph.
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3
e Go to the Process Window and press Go
¢ In the window that pops up, press Let process exit

Questions
7. Why is there so much empty space with Red Zones?

8. Why is there so much additional overhead for Red Zones?

9. Why can’t a program be continued after a Red Zone event?

¢ In the MemoryScape Window, click the Memory Debugging
Options Tab

e Under Levels of Debugging, select Low

(Note that this is a simplified way to turn off both Guard Blocks and
Red Zones.)
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Step 3: Restricting Red Zones

e In the Action Points Tab of the Process Window, disable all of
the breakpoints that are set in the double_free function

¢ Disable the first breakpoint in the corrupt_data function at
line 109

e Press Go

Keep an eye on the Root Window. One of the processes may hit a
heap event breakpoint, with the stack trace containing initialization
routines.

If that happens, select the process that is at the breakpoint,
and press from the TotalView menu selection: Process > Go

When one of the processes reports a double free event:

¢ Dismiss the Event Window
o Select the process that reported the event
e Press Process > Go

This will result in all processes being stopped at the active
breakpoint at line 121 in the corrupt_data function.
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Fie Edit View Group Process Thread Action Foint Debug Tools Window Help

Group { Control) (2N "

i 93 &

Go Halt Kill Restart Next Step Out

Fiark 1: filterapp-mpi.1 (At Breakpoint ) [M]

! R Trrezict 1 (3082880704 filtarapp-rripl (At Biraakpoinit 4) || ARG AN
Stak Trace 4 Stack F

rams

[E]) corrupt_data, FE=bE£8£44d8 |- || Functien "corrupt_data": -
Ces | malmn, FP=bfaf4568 Ho parameters.
__libc_start_main, FP=b£8£4544 Lacal variables:
_start, FE=bfaf45a0 i: Ox00000011 (17}

114 plli] = size - i;

115 |

116 ]

117

114 {4 Breakpoint here. -
119 f/ Check Heap Status Corrupt Guard Bleck View to scan
120 ff all blesks for ssrruptisn.

i=0;

122

123 f§ Corrupt Guard Memory Event on free().

124 freefl pl ):

125 ]

126

127

iE 000000006 (6]
¥ size: 000000010 (16}

Function conmupt_data in main.cxx

| 2]

Action Points Prgo?sses] Threads

main,cxx#68 double_free+lxd3d K
main.cxx$’d double_frees#lx55

i corrupt_datat0x06
corrupt_data+0xig
fer:uﬁt_ﬁa:u&x?d

P e 2 L B B

In the MemoryScape Window, click the Memory Debugging
Options Tab

Select MPI_COMM WORLD in the process selector

Click Advanced Options, enable and expand the Red Zones
option for MPI_COMM WORLD

Enable the Restrict Red Zones option

Click the Check Box of Restrict red zones to allocation within
ranges.

Then click on Ranges and in Red Zone Range Editor, enter 512
for Lower Limit, and 1020 for Upper Limit and Click OK

In the TotalView Window, press Go , Go
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A Memory Event Window will appear.

® Memory Event Details - Process 1: filterapp-mpi.2 - 1

— _notity_ A o
TV _HEAP_notify_twv target.c
FTY_HEAP_notify_esvent 1979 tv_heap_target.c
Frz_signal_handler Z2Z24paint.c
catcher 419 rz_controls.c
Hfirst_level_handler 606signal_manager.c
H__kernel_rt_sigreturn Bsyscall_libraryB-3L
BCorrupt datasizes | 15%hain.ooc |
Fmain Z99main. cxox
L__libc_start_main libc.so.6

Shome/demouser/sroc/main. cxx

plli] = size - 1;

3

size = 128,
pZ = (int *) malloc{ size * sizeof( int } };
for( 1=0; i{=size; i++ )
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The Memory Event occurred in a function called

corrupt data_sizes. You can see that a larger and a smaller
allocation were also overrun, but the size range restrictions caused
those allocations not to be treated with Red Zones.

Question
10. Why wasn't a Red Zone event triggered as before in the
corrupt data_rz function?

Step 4: Red Zones: Overrun Error

e Dismiss the Memory Event Details Window

¢ In the MemoryScape Window, disable Use Red Zones for
MPI_COMM WORLD

¢ In the Halt Execution > Advanced Options disable
Double_free event

¢ In the Action Points Tab of the TotalView Window, enable
the evaluation point for line 298

e Press Restart (if a confirmation box appears, click Yes )

This should result in all processes being stopped at the active
breakpoint at line 121 in the corrupt_data function.

In the Memory Event Details Window, scroll up in the
Source Pane

Last updated: April 24, 2012

¢ In the MemoryScape Window, enable Use Red Zones
for MPI_COMM_ WORLD

¢ In the TotalView Window, press Go

A Memory Event Window will appear.
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Process 1: filterapp-mpi.1 - 1 Time: 20:22:16

Event: Red Zone overrun error - Bounds error: Attempting to access
memeory beyond the end of an allocated block

. - - - = (]
Ewvent Location |A|Iooat|on Location | Deallocation Location | Block D+
Backtrace

D | Function Line # | Source Information
read_overrun 222/main.cxx
— main 308 main.cxx
—_ libc start_main libc-2.7 .80 J{
‘J e Fildm e m e b I =
Source | Fhomel/ubuntudsref main.cxo:

218 | /! Read back, now with an overrun in the loap.
220 | for{ i=0; lx=size, iH++ )

221 | =
222
ooz | ) |
| i =
Generate
’7 Memory Filel

Close | Wiew in Block Properties window Help |

Questions
11. What is different about this latest Red Zones event?
Could the memory error in this case have been detected
with Guard Blocks?
12. What are some ways of limiting memory space overhead
when using Red Zones?

END OF LAB 6
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Lab 7: Batch Mode Debugging with
TVScript

TVScript provides non-interactive debugging with TotalView. It is
especially useful in situations where a program is impractical to
debug interactively (for example, due to lengthy run times or sys-
tem access restrictions), and where debugging needs to be done
repetitively (for example, parametric experiments or regression
testing). This lab will familiarize you with TVScript operation and
features, and will introduce some strategies for batch mode
debugging.

Expected Time: 30 minutes

Step 1: Introduction

e Change directories to SLABS by typing:

cd SLABS
¢ Run TVScript with no arguments by typing:
tvscript

Last updated: April 24, 2012
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File Edit View Terminal Help
Enables detecting acess of memory after being freed. A
-mem_hoard_freed memory
Hold onto freed memory rather than return it to the heap.
-mem_detect leaks
Perform leak detection before memory results are generated.
-mem_paint_on_alloc
Paint memory blocks with a bit pattern upon allocation.
-mem_paint_on_dealloc
Paint memory blocks with a bit pattern upon deallocation.
-mem_paint_all
Paint memory blocks with a bit patternupon allocation and deallocation.
-maxruntime “hh:mm:ss"
Control how long the script can run for.
-script_file scriptfile
Totalview Debugger Script Example:
tvscript \
-create_actionpoint "methodl=>display backtrace -show arguments" \
-create_actionpoint "method2#37=>display backtrace -show locals -level 1"

\
-event_action "error=>display backtrace -show_arguments -show locals" \
-display_specifiers "noshow pid,noshow tid" \
-maxruntime "00:88:30" \
filterapp -a 20
programs=

Although it isn’t meant to be a substitute for the documentation,
TVScript will output a summary of many of its options when invoked
without arguments.

e Execute an example MPI program under TVScript, with four
MPI ranks and with no debugging actions, by typing:
tvscript -mpi "MPICH2" -tasks 4
./TVscript demo

e Examine how TVScript names its log files by typing:
ls *log
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File Edit View Terminal Help

programs> tvscript -mpi "MPICH2" -tasks 4 ./TVscript demo

Process 0 on toro

Process 1 on toro

Process 2 on toro

Process 3 on toro

the answer is approximately 3.1424259850010983, Error is ©.0008332439885250
wall clock time = 9.801528

the answer is approximately 3.1416009869231249, Error is ©.0000082459105517
wall clock time = 9.800071

the answer is approximately 3.1415927369231267, Error is ©.0000000040894466
wall clock time = 9.0900088

the answer is approximately 3.1415926544231239, Error is ©.0000000865894494
wall clock time = 0.000298

the answer is approximately 3.1415926535981171, Error is ©.0008000874144561
wall clock time = 0.882285

the answer is approximately 3.1415926535899028, Error is 8.0000000874226704
wall clock time = 8.813972

programs> ls *log

TVscript_demo-10-23-2009 16:25:44.log TVscript demo-10-23-2009_16:25:44.slog
programs> ]

TVScript requires no interactive input once it has started. Unless it
needs to report an error condition, it produces no interactive
output. Output that the subject program sends to the stdout or
stderr channels will be unchanged. TVScript always produces a
summary log file (file extension . s1og) showing what actions it
took, and a detail log file (file extension . 1o0g) showing any output
from those actions. Log file names include the subject program
name, date, and time of day, which helps to make the logs from
each run uniquely named. All these features make TVScript well-
suited to running in batch mode.

Although no actions are recorded in these first log files, feel free to
look at their contents with the "cat" command or any text editor.

You may also find it helpful to view the source code of the example

program with an editor that can display line numbers. The source
code is available at this path: ../src/TVscript demo.c

Last updated: April 24, 2012
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The example program uses series expansions to estimate the value
of pi. The series lengths are increased in several steps, which would
be expected to make the estimates more accurate. That happens for
the first few steps, but then the estimation errors stop decreasing,
and even increase.

Use your imagination to picture how a problem like this might arise in
actual practice. For example, a numerical simulation running on a
large batch computing facility might start to show increasing errors
only after running for a number of lengthy steps. We will look at a
number of techniques that might be used with TVScript to debug in
such a situation.

Step 2: Batch Mode Debugging

¢ Run the program under TVScript with an action by
typing:
source TVemdl orjust ./Tvemdl

e Examine the summary and detail log files

79



Rogue Wave Software, Inc. ©2012

= 2l EEN(E=Y
Eile Edit View Temminal Help

programs> [+]
programs> tail *.slog

* Date: 10-26-2009 08:39:33

* Target: ./TVscript demo

Actionpoint 128 hit, performing action print with options err detail
Actionpoint 128 hit, performing action print with options err detail
Actionpoint 128 hit, performing action print with options err detail
Actionpoint 128 hit, performing action print with options err detail
Actionpoint 128 hit, performing action print with options err detail
Actionpoint 128 hit, performing action print with options err detail
programs> tail *.log
! Triggered from event:
! actionpoint
Results:
err_detail = {

intervals = 0x000T4240 (1000000)

almost pi = 3.1415926535899

delta = B.74226704361547e-08

programs>

TVemdl is a small file that echoes and then executes a TVScript
command. Since TVScript commands can be lengthy, this
packaging was done to help the lab go smoothly, but you can try
variations on your own. The packaged commands also delete pre-
existing log files to make it convenient to find the new ones that are
produced by the commands.

The summary log shows that the action point was hit six times,
once for each step of increasing series lengths. The action point
was set in code that only the MPI rank 0 process executes, so only
that process took the action. The detail log shows output from an
action that prints some program variables, one of the steps that
would likely be taken in a real debugging situation.

Question
1. What are some ways in which examining these program
variables with TVScript is more convenient than the
conventional batch debugging practice of inserting print
statements into the program?
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¢ Run the program under TVScript with an action by
typing:
source TVemd2 orjust ./Tvemd2

e Examine the summary and detail log files

File Edit View Terminal Help

programs>

programs> tail *.slog

Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
Actionpoint 120 hit, performing action print with options {mypi*numprocs}
programs> tail *.log

! Rank:

18

I Time Stamp:

! 10-26-2809 09:23:51

! Triggered from event:

! actionpoint

! Results:

! mypi*numprocs = 3.14159565358881

programs= ||

i!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! F}

The summary log shows that the action point was hit for each
program step, and in every rank. The detail log shows the output
from each action, and includes identification of the rank. The output
that TVScript was asked to print is the value of an expression in the
native language of the program, doing a sanity check on each rank's
contribution to the estimate of pi.

e Run the program under TVScript with an action by
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typing:
source TVcmd3 orjust ./TVemd3
o Examine the summary and detail log files

File Edit View Terminal Help

programs= tail *.slog [4]
* Date: 10-26-2009_09:40:34

* Target: ./TVscript demo

Actionpoint 79 hit, performing action display backtrace with options
Actionpoint 79 hit, performing action display backtrace with options
Actionpoint 79 hit, performing action display backtrace with options
Actionpoint 79 hit, performing action display backtrace with options
Actionpoint 79 hit, performing action display backtrace with options
Actionpoint 79 hit, performing action display backtrace with options
programs= tail *.log

! Results:

! = B8 calc_error PC=0x08049701, FP=0xbfbce3b8 [/home/cschneider/sbo/src/TVs
cript_demo.c#79] [/nfs/netapp@/user/home/cschneider/sb@/programs/TVscript_demo]

! Function "calc error" arguments:

! 8.1 almost pi = 3.1415926535899

! Local variables:

! 0.2 ref = 3.14159

1

1

-show_locals
-show_locals
-show locals
-show_locals
-show_locals
-show _locals

el

0.3 pidiff = 8.74226704361547e-08
!
R R R N R R N N R R R R R R R NN RN Y]
programs> | B

The summary log shows that the action point was hit once for each
program step. The detail log shows selected details of a backtrace
of the program's call stack, including the arguments and local
variables of the current function.

(Note that this is something not easily done with conventional
batch debugging via print statements.) The function is intended
to calculate the error in the estimated value of pi.

Question

2. What stands out in the output of the current estimate of pi
(almost pi) compared to the reference value (ref)?
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Step 3: Batch Mode Debugging with Events

¢ Run the program under TVScript with an event action by
typing:
source TVcmd4 orjust ./TVcmd4

¢ Examine the summary and detail log files

File Edit View Temminal Help

programs> source TVcmd4 Al
rm -f *log ; tvscript -mpi "MPICH2" -tasks 3 -event_action "error=>display_backt
Process @ on toro

Process 2 on toro

Process 1 on toro

the answer is approximately 3.1424259850010983, Error is 0.0008332439885250
wall clock time = 0.001343

the answer is approximately 3.1416009869231249, Error is 0.0000082459185517
wall clock time = 8.000050

the answer is approximately 3.1415927369231262, Error is 0.0000008840894470
wall clock time = 8.800075

rank @ in job 206 toro_34037 caused collective abort of all ranks

exit status of rank ©: killed by signal 9

programs> tail -2 *.slog
Tvscript_demo (pid=20936@192.168.68.181) process_error  Abort process
Performing action display backtrace for event error

programs> tail -6 *.log

! 4.16 processor_name = "toro"

! 4.17 err_detail = (error_detail)

1

! 5 _ libc_start_main PC=0xb7e2a879, FP=0xbf9€7298 [/1ib/libc.so.6]
!

e
programs>

Here, TVScript was set up to detect and respond to an event,
specifically an unhandled error. The program is coded to raise an
error when run with three MPI ranks, but in general you would use a
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similar TVScript setup to catch an asynchronous or unexpected
error.

The summary log shows that the action point was hit by the
process that encountered the error. The detail log shows a
backtrace, with arguments and local variables printed for each
level of the backtrace.

Step 4: Introduction to Batch Mode Memory
Debugging

¢ Run the program under TVScript with a memory
debugging action by typing:
source TVcmd5 orjust ./TVemd5

e Examine the summary and detail log files

(S )

File Edit View Terminal Help

programs=> |
programs> tail -28 #*.log
! pre pattern: 0xe
post pattern oxe
owner: C

1

!

! allocator: C

! backtrace id: 18

1 : malloc PC=0xb7fc46d6 [/nfs/jabodl/scratch/home/tv/bld/

dlopen. c#lﬁﬁ] [/nfs/netapp@/user/home/tv/export/totalview.8.7.0-3/toolworks/tot
gethostbyname PC=0xb7efeff5 [/lib/libc.s0.6]

PMII Connect to pm PC=0x088768la [/nfs/netappl/user/home/cschnel

1

!

! getPMIFD PC=0x080776e9 [/nfs/netapp®/user/home/cschneide
! PMI_Init PC=0x08074ca7 [/nfs/netapp®/user/home/cschneide
1 InitPG P(=0x0805ec0® [/nfs/netapp®/user/home/cschneide
! MPID_Init PC=0x0805e7ad [/nfs/netapp®/user/home/cschneide
! MPIR_Init thread PC=0x0808523b0 [/nfs/netapp®/user/home/cschneide
1 PMPI Init PC=0x08051ead [/nfs/netapp®/user/home/cschneide
! main PC=0x08049735 [/home/cschneider/sbe/src/TVscrip
! _ libc_start_main PC=8xb7e4287c [/1ib/libc.s0.6]

1 _start PC=0x08049631 [/nfs/netapp®/user/home/cschneide
1

programs>

Last updated: April 24, 2012
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The summary log shows that the action point was hit once for every
rank (at program exit). The detail log lists the memory allocations
belonging to the program at that time.

While the example program isn't an interesting memory debugging
subject, this step highlights that memory debugging is available in
batch mode with TVScript (or MemScript, when only memory
debugging actions are needed).

END OF LAB 7
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Lab 8: Reverse Debugging with
ReplayEngine

ReplayEngine provides reverse debugging features to

TotalView. By recording program execution history and allowing
the user to play it back, reverse debugging can accelerate the
solution of many types of code problems. This lab will introduce
you to the basics of navigation in reverse debugging, and
familiarize you with ReplayEngine features and strategies that help
with complex applications.

Expected Time: 45 minutes

Step 1: Start TotalView

e Change directories to $SLABS by typing:

cd SLABS

o Start TotalView with ReplayEngine by typing:
totalview -replay ReplayEngine demo

Step 2: Reverse Navigation

e Inthe Process Window, highlight line 27 (second call to
funca)

e Press RunTo

e Press Prev

Last updated: April 24, 2012
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After the application ran forward and stopped at line 27, ReplayEn-
gine replayed execution back to line 26. The black arrow marks
where forward execution stopped. The familiar yellow arrow
indicates the point to which execution was replayed, and that source
line is also highlighted in orange to indicate replay mode.

File  Edit Wiew Group Process Thread Action Point Debug Tools Window
ey APHB W[ 59 3 @[3 3
— Go Halt Kill Restart|Mext Step Qut Bun To|Prev UnSt
Process 1 [18519): ReplayEngine_demo (Stopped
TR RRCImE Thread 1 (19518) (Stopped) <Trace Traps
Stack Trace ] Stack Frame
main, FP=bfeaB958 |[4||Function "main': A
_ libe_start_main, FEF=bfeal9psd J
Eegisters for the frame:
Zeax: 0x00000014 (20)
Zecx: Oxa%9e3bl79 (-14446%<
Fedxz: 0x00000001 (1)
Zebxz: Oxb7dbbffd4 {-121033
Zesp: Oxbfea8940 (-107514
7 Zebp: Oxbfeab958 (—10?514_#
Function main in ReplayEngine_demo cxx =[]

16 int funchi{int);

17 int funcB{int);

18 int badstuff();

19 4define MAXDEPTH 20

%2 int arraylength=MAXDEPTH;

22

23 int main()

24

25 funch {0} ;

badstuff();

27> funchi{();

28 exit(l);

29}

30

31

32

33 int funchiint a){

34 int b;

35 b=a+2; #
= |
Action Poimts] Prgcesses] Th[eads] P P+ T T+

A
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e Press UnStep four times, observing after each time how
the replay location changes

¢ Dive on the v array to open a Variable Window

e Press UnStep repeatedly until several iterations of the
for loop have been traversed, noting changes in

variables
W ReplayEngine_demo (on toro) (== ](x]
File Edit View Group Process Thread Action Point Debug Tools Window de\p‘

PHNE W 5935 @« 9 3 3 M
roup (Control) LA 0 WG Restent| Next Step Out Fun To| Prev UnStep Caller Back o Li

Process 1 (19519): ReplayEngine_demo {Stopped;
Thread 1 (19519) (Stopped) <Trace Trap:=>

Stack Trace A Stadk Frame
funck, FP=bfeaB308 |3|[Function "funcEk": &
funch, FP=bfea 928 b: 0x00000002 (2} ||
main, FP=bfead5s Block "$bl":
_ libe_start_main, FP=bfeat3b3 ar 0%00000014 (20)
i: 000000004 (4)
p: Oxbfeasdte -> O
Registers for the frame:
‘ i
Function funcB in ReplayEngine_demo.ci =l
N I
¢ it IMAXDERTH]; = v - funcB - 1.1 (on toro) EED)
i cmoi2; Fle Edit View Tools Window Help |
gg p=gc; 11 | EEIEEIEXEE]
50 if( e<MAXDEPTH ) Expression: | v Address:| Oxbfeassal
?,% c=funcd{al; Slice: [] Filter:
for (i=arraylength-1; i>0; i--){ [
l%ﬂ v[i]=*p; Trpe |\nt[20]
gg } Field Value
57 return c; 0] 0x00000000 (0}
2 0] 0x0B0483 11 (134513439)
gg int badEti\ff()éiSkMAXDEpTH 12 0x00000000 (0
62 S i 13 Ox0B049b 10 (134519568)
o3 4 0300000000 (0}
5
Action Poms] Processes] Threads] 2 0x00600014 (29)
= = = (6] 0x00000014 (20)
[7] 0x00000014 (20)
[8] 0x00000014 (20) |
|

e Highlight
line 48
e Press
BackTo
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Note that the stack trace is now deeper. This is because of recursive

calling in funca and funcB.

e Dismiss the Variable Window with the v array
e Set a breakpoint on line 57, the return statement of
funcB

e Press Go

Question
1. s debugging still in replay mode? How can you tell?

e Delete the
breakpoint
e Press Caller

Question
2. What forward debugging actions are analogous to the
reverse debugging actions that were used so far?

Step 3: Reverse Debugging a Stack Corruptor

e Press Live
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e Press Go

File Edit View Group Process Thread Action Point Debug Tools Window Help
= S e B 5 35 & a3 o w*.‘ e Press UnStep
aopcorvey O UM B |59 5 @ 9 3 3 - b « Highlight line 48
Go Halt Kill Restart| Next Step Out Fun To| Prev UnStep Caller BackTo Live gnhhg
Process 1 (19519): ReplayEngine_demo (Error) = [ Press BackTo
TR T ret 1 ¢ 19519) (Error) <Segrentation violztionz [[IIIRIMIIIIRIRTRTTTm .
SR < Stk e e Hover over arraylength to see its value, and compare
Po: 000014, Fp=hfeadfs0 IS —— 8 it with the declared size of the v array
Registers for the frame: J
teax: 0x00000000 (0)
Zecz: Oxa9e3bl79 (-14446%
Zedz: 0x00000001 (1)
%ebz: Oxb7dbbffd (-121033
Zesp: Oxbfeadd9b60 (-107514
Zabp: Oxbfeaddbsd (-107514
£ Zesi: Oxb7fc3cch (-12082C
Urknown =] ]
0x0000000a: 77T Al
Cx0000000L: 77T
0x0000000<: ] |
0x00000004d: 7Y
0x0000000s: 777
Cx0QO00000E: 77T
Cx00000010: ?PY
0x00000011: 77T
Cx0Q0000012: 77T
Cx0Q0000013: 77T
= W 0x00000014: 7T
0x00000016: 777
0x00000016: 77T
0x00000017: 77T
0x00000018: 7Y
Cx00000019: 77T
Cx0000001a: 77T
0x0000001b: ?PY
0x0000001e: 77T
Cx0000001d: 777 A
= T
Action Points] Prgcesses] Th[eads] L L s I
&
Question

3. What is the most likely reason for the loss of program
position information?
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Press BackTo
Press Go

File Edit “iew Group Process Thread Action Point Debug Tools Window Help‘
ooy JPHB B [593 3 (9 3 3 - W
= Go Halt Kill Restart|Next Step Gut Run To|Prev UnStep Caller BackTo Live
¢ Process 1 (19519): ReplayEngine_dema [Stopped)] E==
[ MAARRRRT NI THaread 1 (19519) (Stopped) <Replay operation succeeded: ||[|[IIINIMIINIMIANNRRIII
Stack Trace A Stack Frame
funcB, FP=bfeafb48 |A|| Function "funcE": &
funch, FP=bfealbbs b 0x00000012 {15} J
funeB, FP=kbfeaBhf8 Elock "§bl":
funch, FP=bfeal718 a 0x00000014 {20}
funcB, FP=bfea7al i: 000000000 (0)
funch, FP=bfeal7ci v {int [20]}
funcB, FP=bfea88bs p: Oxbfeadb3c —-> 0Oz
funch, FP=bfeal878
funcB, FP=bfea8308§ Registers for the frame:
funch, FP=bfeal928§ |z _|,—
Function funcB in ReplayEngine_demo.cxx =]
34 ) Al
39
40
41 int funcB{int b){
42 int c,
43 int i;
44 int v |[MAXDEETH] ;
45 int *p;
46
47 c=h+2;
p=&c;
49
50 if{ c<MBRXDEPTH }
51 c=funclia);
52
for (i=arraylenggrh-1; iz0; 1i--){
3 =% .
B ) vlil="p; E‘\arrawength:0x00000064(100)| |
56
57 return <; £
= ]
Action Poimts] Prgoesses] Th[eads] P P T T
3

Question

4. A deterministic bug is possible to find with forward
debugging. In this case, once forward debugging had
established that the symptom occurs in funcB, the rest of
the effort would have been similar to using reverse
debugging. (That is, most likely a watchpoint would have
been seton arraylength to lead to the root problem.)
What are some advantages of reverse debugging in this
case?

Step 4: Reverse Debugging a Nondetermin-
istic Parallel Program

The proximate cause of the symptom (segmentation violation) is
now evident, but the root cause (improper value of arraylength)

remains obscure.

e Set a watchpoint on arraylength
¢ Inthe Stack Trace Pane, click on main
o Highlight line 25 (first executable line in main)

Last updated: April 24, 2012

e PressKill
Dismiss the ReplayEngine_demo Process Window
Select File > New Program

e Inthe Program entry, browse and select
MPI Replay Engine_ demo

¢ Open the Parallel Tab

e Select MPICH?2 for the Parallel System

e Setthe Tasks entryto 6

e Press OK

e Set a breakpoint at line 89 (call to MPT Reduce)
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e Press Go

e Repeat restarts, if necessary, until the Variable Window

e Diveon local_max shows at least one value of 1ocal max thatis
¢ In the Variable Window, select View/Show substantially less than two billion
Across/Processes e Inthe Process Window, highlight line 100
e Inthe Process Window, press Restart a few times (if a e Press RunTo
confirmation box appears, press Yes) and observe the e Select the MPI rank 0 process using the P-/P+ buttons

changes in the Variable Window « Diveon full domain

e Inthe full domain Variable Window, dive on the
pointer
e Cast the type to double[996]

Flle Edit Yiew Tools Window : ﬂelp. e Select Tools/Visualize
ba.i ] *EIEI|@“1E‘-|%%§$%§
Expression:| local_max Address: Multiple
Slice: Filter:
Type: | doLble File  Window
Process Value in]

3.00e+09 ]

MFPI_Replay_Engine_demc2134282382
MFI_Replay_Engine_demc2137825028
MFI_Replay_Engine_demc2125675820

WMPI_Replay_Engine_demc7 19595881 200er07]
MPI_Replay_Engine_demc2132008520 )
MPI_Replay_Engine_demc2 125640346 v
You should notice that typically most of the processes have values T - X Az = e
of local max which are around two billion, but there are often
one or more processes with a substantially lower value. The The design of the program is that, at this point, each rank should
distribution of typical or low values across processes is different have completed a sort on its subdomain of data. The rank 0
from run to run. process has gathered the subdomains into the full domain array.
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Question m WE a1 (on toro
5. Can you characterize how the program is failing to operate
as designed? Is the misbehavior repeatable from run to

run? ¥ The location was not found in recorded history.,

ok |

¢ In the toolbar of the Process Window, select Rank 0 from - !
the pull-down list (to make it the focus for toolbar Questions
operations) 6. What does the warning mean?

e Dive on the getMax function, which is called at line 88
¢ Highlight line 144 (call of the gsort function)
e Press BackTo

e Dismiss the warning

Note that the replay succeeded, as indicated by the orange high- window
lighting of line 144. Also, if you examine the 1ocal max Variable e Highlight line 142
Window, you will see that the Rank 0 value has changed. e Press BackTo

¢ Identify one of the ranks with a substantially lower value
of local max, and select that rank in the Process 7. How does the use of ReplayEngine enhance the debugging
Window, with the P-/P+ buttons; (note that the toolbar of non-repeatable bugs?
focus changes accordingly)

¢ Dive on the getMax function, which is called at line 88

e Highlight line 144 (call of the gsort function).

e Press BackTo; a warning window will appear END OF LAB 8
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Step 2: Start Command line debugger.
Lab 9: Asynchronous Control Lab

Using the multi-threaded example program, 'simple’, we can
demonstrate group, process, and thread control contexts.

¢ Once the main window opens go to the Tools
menu item and choose Command Line at the
bottom of the menu box.

Step 1: Start TotalView This will open an xterm window where debugger commands can be
entered.
e Start up the debugger and Browse to location o .
of the “simple' program to open. Click the OK This will open an xterm window where debugger commands can be
button. entered.

2 & & TotalView Command Line Input

R |
e Elograrnl ﬂrguments] Standard HO] Parallel] e

el Program: | fhome/user/Downloads/simple_threaded/simple j| Browse... ]
process

On host: (lacal) | | AddHost.. |

Oy

Aiach to -
_| Enable ReplayEngine

R Record al program state while running. Roll back your program to any point in the past.

4 _| Enable memory ing
s Track dynamic memory allocations. Catch common emors, leaks, and show reports.
Oj
u#::llg LI Halt an memory emars
_| Enable CUDA memory checking
Detect global memory addressing violations and misaligned global memory accesses.

e Start up the debugger and browse to location of
the “simple' program to open. Click the OK
button.
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Unless noted otherwise all commands will be entered into the Function main in simple.c E
xterm command line window. is i[nt main(int arge, char** argv)

37 #ifdef ADD_MPI

38 int rank, nnodes, nthreads;

39 MPI_Init {&argc, &argv);

40 MPI_Comm_rank (MPI_COMM_WORLD, &rank);
41 MPI_Comm_size (MPI_COMM_WORLD, &nnodes);

d1.<> dgroups -l * 42 tendiT //ADD eI
. [570¢ | time_t tm = time (NULL};
1: {ContrOI 1} ig grand[tlﬁ; 4 10
2: {workers} 14 ot nusthresds = 10;
- 48
3: {Share 1} 23 n\ETThr;;ds = atoé.’)larqx'[l]];
] i eads <
d1 <> 51 ' nE;I'{‘lhrgazqss: 10;
52 1
53 7]

‘ ¢ Now put a break at main.

e Start the program and it will stop at the

d1.<> dbreak main breakpoint, and there will be a pointer where
1 execution has stopped.
d1l.<>

d1.<>drun

Thread 1.1 has appeared
Created process 1 (3834), named "simple"
Thread 1.1 has appeared

Notice in the main window of the GUI that the breakpoint will Thread 1.1 has exited
appear. Thread 1.1 hit breakpoint 2 at line 44 in "main”
d1.<>
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Funciion main insimpla.c

The -g switch is the group ID, in this example: 2: {workers 1.1} . 1.1
is the thread ID which is the main thread.

e Put a breakpoint at the runme function. ‘

This is the start of each thread that will be created. The simple
program creates 10 threads by default.

d1.<> dbreak runme
2
d1.<>

‘ ¢ Now list the groups once again.

e Now go to the GUI and find the breakpoint at

d1.<> darouos -1 * the runme function. Right click on this and
: group choose properties. In the “When Hit, Stop” box
1: {control 1} choose Thread. Click OK.
2: {workers 1.1}
3: {share 1}
d1.<>

The new listing shows {workers 1.1}. 1.1 is the main thread.

‘ e Remove the main thread from workers group.

d1.<> dgroups -remove -g 2 1.1
d1.<> dgroups -l *

1: {control 1}

2: {workers}

3: {share 1}

di.<>
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File Edit View Group Process Thread Action Point Debug Tools Window Hel

p

3 2 a3 3

copicons) (OB B[ 59 5 @[ 4 i
Go Halt Kl Restart| Next Step Qut Run To| GoEack Frev UnStep Caller BackTo Live

AENNNRNERNNNNRN Procsss 1(9177): simple (At Brezkpoint 1) NNANNENNENERRNA

A AMAMINL e 1 (3075157744) (At Breakpoint 1) [HININIAIAMANANIILAIRANIA

Stadk Trace

4 Stack Frame

(== main,

_ libe_start_main,

FP=bfcd1188 [3|[ Function "main"

FE=bfcdl208 arge:

argv:
Bleock "§b1":
tm:

numThreads:

0x00000001 (1)
Oxbfedl234 -> Ozbfcd

Oxbfcd1188 (-1077662
0x0804a320 (13452163
- 3

> Breskpoint - Barmier - Evaluate ID:2
%3 ] usleep(20); When Hit, Stop
21 Gral
3 o ’
24 wvoid runme() M i
[=1or ] std: :vector<int> wad| [hread
27
%g random_vector (vec);
[ 3310 std::cout << "R thre|
32
33
34
%g int main{int argec, chal
37 #ifdef ADD_MPT | Location: runme Addrasses...
S el fiedeg o I~ Enable action paint Processes... |
Action Polnbs] Prgoesses] Thgaads] I~ Flant in share group
1 main simple.c$dd
2 runme simple.c#26 oK | Delate Cancel | Help I

3

=
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Main is going to create 10 threads.

e Inthe GUI Press Go .

This will create all the threads and stop at the breakpoint for each
thread at the runme function. The threads are listed at the bottom of
the GUI. As a reminder, the 1.1 thread is the main process.

Action Polnls] PesThgeaueI

P P o 7
|}

in runme
in runme
in runme
in runme
in runme
in runme
in runme

in runme
in runme
in runme

¢ And from the command line debugger, list the
groups again

All the threads are in the workers group.

d1.<> dgroups -l *

1: {control 1}

2: {workers 1.21.31415161.71.81.91.10
1.11}

3: {share 1}

di.<>

e Now a new group can be created and we'll
move some threads to this new control group.
You'll also have to remove the same threads
from the workers group.
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d1.<> dset -new mythreads {1.2 1.4 1.7 1.11}
1.2141.71.11

d1.<> dgroups -new t -g mygroup $mythreads
mygroup

d1.<> dgroups -remove -g 2 {1.21.4 1.7 1.11}
d1.<> dgroups -I *

1: {control 1}

2: {workers 1.3 1.51.6 1.8 1.9 1.10}

3: {share 1}

mygroup: {thread 1.2 1.4 1.7 1.11}

d1.<>

There's a drop down list box in the upper left portion of the GUI
that lists all the group types.

o View the list and choose the "‘mygroup' group
that was created.

2 @ @ /homejuser/Downloads/simple_threaded/simple

File Edit View Group Process Thread Action Point Debug Tools Window Help

Go Halt Kill Restart|Next Step Qut Fun To|GoBack Prev UnStep Caller BackTo Live

ESSESEEESEEEEE Process 1 (2783): simple (At Breakpoint 2 —I ESSEESEESEEEE
A

Thire:ad 1 (30749233 12) (Stopped) |
Stack Trace o Stack Frame
_ _kernel_wsyscall, FP=bfciliac
pthread_jein, FP=bfc7l7et Begisters for the frame:
main, FP=bfc71838
Tihe start main FR=hf~T18/KA Feav: DefFFFFFaln (-R12Y

>
e Then press the GO button (it has to be
pressed twice).
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This will run all of the threads in ‘'mygroup’. You can see in the
bottom box of the GUI that those threads of this group are gone.
They've all completed their execution while all other threads in the
‘workers' group are held.

Fie Edit View Gmup Process Thread Action Point Debug Tools Window Help |

593 ¢ 49 2 a3 2

Go Ha]t KIII Resm Next Step Out Run To| GoBack Prev UnStep Caller BackTo Live

Process 1 (9285): simple (M

_ Theead 1 (3074657072) (Fornig) NHINNAANINNAANNNSINN
Stack Trace Stack Frame

[E+] main, FP=b£3973e8 Thread must be stopped for frame display
__libe_start_main, FP=b£997468

iy graup

i
Frban in simple.c il

14 if{ecount < 100) ecount = 150;

for(size_t i=0; i<count; ++i)

V]
=
vec.pushaback[r&nddﬂj |

usleep(20);
)

15

18

19

21

22 1
23
24 woid runme(}
25 {

mz'.f std::vector<int> wvee;
%ﬁ random_vector (vec);
3331
32
33

std:i:cout << "B thread has finished" << std::endl;

| ] i=
Action Points| Processes |[Tireads] PP
(T (3074857072) E in main W
1.3 [3086256240) E2 in runme

1.5 (3049470832) :2 in runme

1.6 (3041078128) =2 in runme

1.8 (3024292720} F2 in runme

1.9 (3015300016) E2 in runme

1.10 (3007507312) E2 in runme

i

Now you can step through an individual thread
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e Click on one of the threads to highlight at the
bottom of the GUI.

e Then go to the group menu list box at upper left
of GUI. This highlighted thread should be near
the bottom of the list. Click on it to make it the
focus of execution.

o Now you can click on the next/step button(s) to
execute through this specific thread.

File Edit View Group Process Thread Action Point Debug Tools Window Hel

P

Trread 18 (>l §49 3 | 4 9 2 a =
— Go Halt Kill Restart| Next Step Out Run To| GoBack Prev UnStep Caller BackTo Live
Process 1 (9285): simple (Mibed)
Thread & (8024202720} (At Breakpoint 2] |
A

Stack Trace Stack Frame
runme, FP=b4430388 Function "runme":
start_thread, FP=b4430468 No parameters. |
Block "$bp1%:
vec: {class std::vector<int,
Regicteres for the frame:
feax: 0x00000002 (2}
n facy: 0x00000000 (0}
Fedx: 0x00000000 (0} ;_
Function runme in simple.c | =)
:g for({size_t i=0; i<count; ++i}
{
15 vec,push_back{rand());:
15 usleep(20); L
20 } |l
21
22 )
23
24 woid runme(}
25 { ~
std: :vector<int> wvec;
28 random_vector{vec);
29
333]1 , std::cout << "A thread has finished" << std::endl;
32
33
34
35 int main{int arge, char** argwv} bt
1
Action Points | Processes | Threads F=] P£] LlT_+|r
1.1 {3074657072) R in main
1.3 {3066256240) B2 in runme
1.5 {3049470832) E2 in runme
1.6 {304 &) i
1.5 501 &}
1.10 {3007507312) E2 in runme
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Experiment with switching the focus to each
thread and stepping through.

END OF LAB 9
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