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Starting TotalView on

Startup Parameters - simple-deadlock.x <@cresco2x305.portici.enea.it> X

Debugging Options] ﬂrguments] Standard I/O] Para[lel]

Please Note: If your parallel settings were entered as arguments, do not enter them here.
Use the Arguments tab to modify them.

Parallel system: _Open MPI $ —II

Tasks: 2 -\. PARALLEL Nodes: [0——\/
ENVIRONMENT

Additional starter arguments:

[T Show Startup Parameters when

Changes t§ke effect at process startup.

1) http://www.cresco.enea.it/nx.html o | Help |

2) mpicc —g —00 —o myprogram.Xx myprogram.c
MPI TASK

3) ~/> module load totalview NUMBER

4) bsub —n # I-atv—q# totalview #_ .

rocs
P 3

queue




debugging.

‘®06 X TotalView 8.11.0-0
File Edit View Tools Window Help
= D /| Rank | Host | Status | Description
@1 0192.107.70.241 B1 mpi-cartcreate x.0 (1 active threads)
-- 3 1192.107.70.241 Bl mpi-cartcreate.x.1 (1 active threads)
@- 4 4192107.70.241 B mpi-cartcreate. x4 (1 active threads)
®- 5 2192.107.70.241 Bl mpi-cartcreate x.2 (1 active threads)
.- ] 3192.107.70, B1 mpi-cartcreate.x.3 (1 active threads)
@7 241 B1 mpi-cartcreate x5 (1 active threads)
ACTION POINT T = sTopped
ID NUMBER =B = Breakpoint
*E = Error
STATUS INFO : :
=W = Watchpoint
"R = Running
"M = Mixed
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The Root Window contains a list of all the processes and threads you are currently

ROOT
WINDOW



e 06 X! ProcessWindow
File Edit View Group FProcess Thread Action Point Debug Tools Window Help

Group (Contral) 7] > Wl W s 5 @ | D “@ 4

wROR

Go Halt Kill Restart| Next Step Out Run To| Record GoBack Prev UnStep Caller BacPTo Live

*Go : run the program

=Halt : pause the execution

=Kill . ends the process

=Restart : equal to Kill plus Go

=Next :executes all code on a line (i.e. a subroutine call)
=Step  : executes the line

=Out : run up to return of a subroutine

"Run to : runs to a selected line



To set an action point, click on the line number in the source panel and
then choose what kind of action you need.

SOURCE
PANEL

e
| 89 Eor (i =0 i < countt ++i)

89

90 double t = 1 * IT / TSIZE:
set_values (t, wvalues):

92 T/ for

92} /* load_matrix */

94

The basic action points are:
"Breakpoint : stops execution of the processes of threads that reach it,
=Evaluation point : executes a code fragment when it is reached,

"Process Barrier Point : hold each process when it reaches the barrier

point until all process in the group have reached the barrir point
6
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After having set a breakpoint, it is possible to
have a look inside a variable, by simply selecting
the variable in the Stack Frame Panel and then
diving by a double-click.

This can be useful if one wants to explore a
variable among different threads.

THREAD INDEX
e 06 X| x - main - 1.1 .

File Edit Tools  Window Help |
i = ‘EIE]|@@|K(%%§
Expression: | *(x) Address:  0x0e6635a0

Slice: [] Filter:

Type: | $double[10]

Field Value i

[0] 0.785398163397425
(1] 0.786539756051015
[2 0.791651345704604
(3] 0.794522941358194
[ 0.7979645340117584
(3] 0.801106126665374
(6] 0.504247719318963
7 0.507389311972553
(8] 0.510530904626143

9] 0.813672497279732 7

STACK
FRAME
PANEL

806 X mpi-i x.2
File Edit View Group Process Thread Action Point Debug Tools Window Help
) 0 wi - 5‘ =
Group (Control) [) ii . i’ S Wj 9 q& " * ; i v ?i
Go Halt Kill Restart| Next Step Out Fun To| Record GoBack Prev ep Caller BackTo Live
s Rank 2: mpi-integrate.x.2 (At point 1)
Thread 1 (47275298702128): mpi-integrate x (At Brea@oint 1
Stack Trace A ack Frame
main, FP=Tf£££a788260 |5 || iend: 0£500002ee (750) A
__libc_start_main, FP=7£f££a788320 N: §£500000000000003e8 (1000)
_start, FP=Tffffa788330 startTime: .95335122461014e-310 <denormalized> H
endTime: 2.3357085299558e-310 <denormalized>
a:
b: .1415926535897
dx: (I 0031415926535897
sum:
integral 3 18299368644791e-
X 4 1.57079
7 temp: 0x000000fa (250) _L
Function main in mpi-integrate.c e
57 iend = N/2 ; 3
58 }
59 else{
60 istart = N/2 + ( myrank - 1) * stripSize;
61 iend = N/2 + myrank * stripSize ;
62 }
63 offset = N/2 + { numnodes - 1 ) * stripSize ;
64
65 #else
66 /* Balanced work among nodes */
67
68 stripSize = N/numnodes ;
69 istart = myrank * stripSize;
70 iend = ( myrank + 1) * stripSize ;
71 offset = numnodes * stripSize;
72
73 #endif
74
5 Afprintf ("myrank =%d istart=%d iend=%d ‘n", myrank, istart,iend );
76 J/f( myrank == 0 ) printf("stripSize : %d\n", stripSize);
77 J/f( myrank == 0 ) printf{"offset : %d\wn", offset);
78
79 int temp = iend - istart
80 x = {double *) malloc (slzeof(double ) * temp )
81 for{i=istart;i<iend;i++) x[i-istart] = a + 1 *
82
83 /* start timer */
84
if (myrank == 0) startTime = MPI Wtime();
86
a7 //for(i=istart;iciend;i++) sum += dx * s(a + 1 * dx ) ;
a8 for (i=istart;i<iend;i++) sum += dx * s( x[i- 1start] )
a9
90 if ( offset = N & myrank == 0) for(i=offset-1;i<N;i++) sum += dx * s( a + i * dx) ;
91
92 MPI_Reduce( &sum, &integral, 1, MPI_DOUBLE, MPI_SUM, 0 , MPI_COMM WORLD );
93
94 /* stop timer */
95
96/ if (myrank == 0) {
97 endTime = MPI Wtime();
98 printf ("Time is 2f\n", endTime - startTime);
99 } Bl
100
1I_J} if (myrank == 0 ) printf("Integral = %10.8f\n", integral); 4
= 1
Action Puints] PYEDESSESI Th[eadsl 1P| P T T+
1 mpi-integrate.c#85 main+0x170 ]




To calculate the size of any object type, the compiler must take into account any address
alignment that may be need to meet efficiency or achitectural constraints.

The compiler accomplishes this task by inserting unused padding bytes between members
as needed to satisfy the alignment requirements. There may also be padding at the end of a
structure to ensure proper alignment in case the structure is ever used as an element of an

array.

Selecting View > Padding gives:

i e 06 X/ pippo - main - 1.1

File Edit View Tools Window Help

11 =] SR TN XEY

Expression: | pippo Address: | 0x7fif82e5c020

Type: | struct student

Field | Type |value i
E-.--grade char ‘E'  (0x45, or 69)
@- $padding $char(3] {Array)
L. age int 0x00000012 {18)

#include <iostreams
namespace std;
struct student{

char grade; /* char is 1 byte long */
int age; J/* int is 4 bytes long */

int main{int argc, char *argv[]1) {
student pippo;

pippo.grade = 'E";
pippo.age = 18 ;

printf("%c “n", pippo.grade);
printf("%d “n", pippo.aged;

printf("Struct Size: %zusn™, Cpippoll;

03

/* Here the code prints 8 instead of 4 */

\ CODE



Tools > Message Queue Graph displays a window that shows a graphic representation

Mi”gs& re (

of the state of message queue information. This graph shows you the state of your
program at a particular instant.

Queue Graph - 1.1 [mpi-cartcreate.x]

Close

. A

N

{myrank
{myrank

{myrank

\
| \PROC D

{myrank == numnodes/Z 3 MPI_Isend(&c, 1, MPI_DOUBLE

numnodes-1 3 MPI_Irecv(&b, 1, MPI_DOUBLE,

MPI MESSAGE
TAG

STATUS INFO :

@ ) MPI_

PI_Isend(&b, 1, MPI_DOUBLE, Cnumnodes-13) , 11, MPI_NEW_COMM_WORLD,&request);
@ ) MPI_

9

PI_Irecv(&c, 1, MPI_DOUBLE, numnodes/Z

{ 1 == mycoord ) printf{"%d %f %fn"

WARNING:

= GREEN Pending Sends

Pending Receives
Unespected Msgs

* BLUE
= RED

» 12,

MPI_Send{&a, 1, MPI_DOUBLE, rank_right, 10, MPI_NEW_COMM_WORLD);
[6ArR [T Recv(&b, 1, MPI_DOUBLE, rank_left , 1©, MPI_NEW_COMM_WORLD, MPI_STATUS_IGNORED;
{1=0;i<numnodes;i++)

N

MPI_NEW_COMM_WORLD, &request);

,myrank, a,b);

® , 12, MPI_NEW_COMM_WORLD,&request);
, @, 11, MPI_NEW_COMM_WORLD, &request);

PSEUDO
CODE
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"Pending messages often indicate
that a process can't keep up with the
amount of work it 1s expected to
perform.These messages indicate
places where you may be able to
improve your program's efficiency.

*Unexpected messages can indicate
that something is wrong with your
program because the receiving
process doesn't know how to process
the message.

=Loops in the graph may indicate
deadlocks.( Cycles can be highlited
by Options > Cycle Detection)

{myrank == 02 {

al@]
al1]

MPI_RecvCb, 2, MPI_DOUBLE, 1, 11, MPI_COMM_WORLD, MPI_STATUS_IGNORED;
MPI_SendCa, 2, MPI_DOUBLE, 1, 10, MPI_COMM_WORLD);

2.0 ;
4.0

b
{
al@] = 2.0 ;
a[l] = 5.0 ;
MPI_Recv(b, 2, MPI_DOUBLE, @, 10, MPI_COMM_WORLD, MPI_STATUS_IGNORED;
MPI_Send(a, 2, MPI_DOUBLE, ©, 11, MPI_COMM_WORLDD;
1 ® O © X Message Queue Graph - 1.1 [simple-deadlock.x] )
I_gptiuns I Update I Close I Help ]
&I 0] 0
i
PSEUDO
CODE
DEADLOCK .
EXAMPLE
10 0]
o 1




Memo fy JCU gging (1)

Select the Debug > Enable Memory Debugging command before starting the program.

When the program makes a memory request, MemoryScape records the stack frames
that existed when the action occurred.

MemoryScape stops the program execution when one of the following events occurs:

= Freeing memory that 1s already freed,
= Freeing the wrong address

= Freeeing an interior pointer,

= Misaligning blocks

“ WARNING: I

11




Memory Debugging (2)

Memory Usage Chart Report displays the memory occupied by each process:

Memory Usage Chart Report
NG

~Optio
W Text W Heap |7 Total VM
W Dat [T Stack M Stack VM
300
275
250
225
200 ]
175
150 ]
MB 5 |
100+
75
50
25
0 = | 1 -__-I -_.I -__-I
1 2 3 1)
Process (rank)
]
Process ’z.‘;‘ Data Heap Stack Stack VM Total VM
B+Process 15: mpi-mm.x.1 8.57MB 568.12KB 16.92MB 14.20KB 88.00KB 280.18MB
B3-Process 16: mpi-mm.x.2 8.57MB 568.12KB 16.92MB 12.22KB 88.00KB 280.18MB
B}-Process 17: mpi-mmx.3 8.57MB 568.12KB 16.92MB 11.31KB 85.00KB 280.16MB
B}-Process 1: mpi-mm.x.0 8.57MB 568.12KB 19.79MB 14.58KB 88.00KB 283.04MB

12

TEXT: The amount of memory used for storing
the program's machine code instructions.

DATA: The amount of memory used for storing
uninitialized and initialized data.

HEAP: The amount of memory currently being
used for data created at runtime
(i.e. allocated pointers).

STACK: The amount of memory used by the
currently executing routine and all the
routines in its backtrace.




Memory Debug

— e

L@g (3)

Looking at how the program is using memory may help in understanding where
parallelization can be improved.

Memory Usage Chart Report
—Options

W Text MW Heap [T Total vM
W Data [7 Stack M Stack ¥M

Contrals

=T

350

325 ]

300

275
250
225 ]
200

175

MB 150

50

1254
100+
75

5]

o

Process

/

B}-Process 1: mpi-integrate.x.0
B+ Process 7: mpi-integrate.x.1
B}-Process &: mpi-integrate.x.2
B}-Process 9: mpi-integrate.x.3

Data
528.54KE

528.54KB
528.54KB
528.54KB

ap =
57.64MB

5.93

10.64KB
9.06KB
9.05KB

24.20MB
24.20MB
24.20MB

UNBALANCED MEMORY OCCUPANCY

. AMONG PROCESSES



When a Segmentation Fault occurs, MemoryScape keeps track of the event, you can have a
look at it in Debug > Memory Event Details )

-

® O O [X| Memory Event Details - Process 1 (6232): out_of_bound.x - 1
Process 1 (6232): out_of_bound.x - 1 Time: 15:20:48
Event: Thread 1.1 received a signal (Segmentation violation)

Event Location I Allocation Location I Deallocation Location I Block Details |
Backirace
ID IFunction ILine # | Source Information |
L
main___ [ 17fout of bound.c |
__libc_start_main libc.s0.6
_start out_of_hound.x
Source | fafsfenea.it’porfuser/galastotalviewssrc/out_of_bound.c
12
13 | X = (double ) malloc (sizeof{double ) * N);
14 | y = (double *) malloc (sizeof{double ) * N/2 );
15 J
16 | for(i=0;i<5"N;i++){
17
18 |} |
10 ’
Generate
’> Memory Filel

Close | View in Block Properties window Help [

14

#include <stdio.hx>
#include <stdlib.h=
#include <math.h=

#include <malloc.h=

int main{int argc, char *argv[1) {

const int N = 10000 ;
int i ;

double *x, *y,

¥ = (double *3) malloc ( Cdouble 2 * N 2;
y = (double *) malloc ( Cdouble D * N/2 D;

(i=0 ,,@ip ++01{
¥[1] = 100.0/Cfloatd( 1 + 1 2

}
(1=0;1<N/2;1++) y[1] = C x[1] + x[N-1] D ¢ (floatd2 ;
(1=0;1<N/2;1++) printf("%d %1f ~n™, 1,y[1]D;

free(x);

free(y);

0;
CODE



A memory leak occurs when the program incorrectly menages memory allocations.

As a consequence, a memory leak can diminish the performance by reducing the amount
of available memory. Eventually, in the worst case, too much of the available memory may
become allocated and all or part of the system e stops working correctly, the application
fails, or the system slows down unacceptably.

POINTERS MEMORY
ALLOCATION
tmp = Cdouble *) malloc {double 2 * N * NJ; l
A = (double **) malloc ( (double *) * N);
(1=0; 1< N; 1++) tmp
AT1T = &imp[i * NI ] y
e S PSEUDO
CODE
free(A) ;
The instruction here frees only A, not tmp "

MEMORY LEAK 15



In Leak Detection Reports > Source Report in fact tells us :

June 5, 2014

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

Leak Detection Reports
Backirace Report

Other Reports Categories
Heap Status Reports
Memory Usage Reports
Corrupted Memory Report
Compare Memory Usage

Other
Manage Filters

Process Selection

Parallel Job mpi-mm.x.0 (MPI)

22 mpi-mm.x.0 0 Al

A mpi-mm.x.1 1 Al

A mpi-mm.x.2 2 Al

A mpi-mm.x.3 3 Al

24 mpi-mm.x.4 4 Al

22 mpi-mm.x.5 5 Al T
N — I~

X MemoryScape 3.3.0-0

| M Usag | Tu| y

Leak Detection Source Report
’romions

N= 800
sizeof(tmp) = 8N*> ~ 5 Mb

1l Relative to Baseline 1l Enable Filtering

14.66MB
14.65MB
14.65MB
14.65MB

[-Process 1: mpi-mmx.0

B libopen-rte.so.0

B3 libmpi.s0.0

B libopen-pal.s0.0
[-Process 9: mpi-mmx.5

BI- rpi-arm x

sizeof (double)

Backirace Source

/afs/enea.it/por/us

la/totalview/src/mpi-mm.c

/ allocate &, B, and C -— at you want these to be contig

fidouble ) * N * N),
A = (double ™) malloc (sizeof(double *) * N);
for (i = 0; i < N; i+

Ali] = &tmpl[i * N);
}
else { S |
N



TotalView documentation can be found here:

http://www.roguewave.com/support/product-documentation/totalview.aspx
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