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e Learn how to start TotalView on Linux clusters
« Get familiar with TotalView graphic user interface
« Learn basic debugging functions of TotalView
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* Overview
e Getting Started

« Debugging with TotalView
e TotalView GUI
« Basic debugging techniques
« Features for parallel programs

LONI High Performance Computing Workshop — University of Louisiana at Lafayette IN]H
November 2, 2010

Louisiana Optical Netwnrk Initiative

_ http://www.loni.org



http://www.hpc.lsu.edu/

I 5 U High Performance Computing @ Louisiana State University - /1ii0://v .o lsu.sduf

CENTER FOR COMPUTATION
& TECHNOLOGY

Infomation

O Utlin e Technology Services

e (QOverview

LONI High Performance Computing Workshop — University of Louisiana at Lafayette IN]H H
November 2, 2010

Louisiana Optical Netwd;ﬁ Initiative



http://www.hpc.lsu.edu/

I s U High Performance Computing @ Louisiana State University - i1::0://v/vyvr.tioc. s, eduf

CENTER FOR COMPUTATION
& TECHNOLOGY

Information

D eb ugging E S S e nti al S Technology Services

« Reproducibility

« Find the scenario where the error is reproducible
« Reduction

« Reduce the problem to its essence
e Deduction

« Form hypotheses on what the problem might be

Experimentation
 Filter out invalid hypotheses
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o Write/Print/Printf

Compiler tlags

Symbolic debugger
« GDB - GNU debugger
« IDB - Intel debugger

Graphic debugger

e« Totalview

« DDT
« Valgrind
« Eclipse
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Cannot Do
« What a debugger can do

e Tell you where the program crashes

« Help you to gain a better understanding of the context under
which it crashes

« What a debugger cannot do
« Tell you how to solve the problem

» Detect a correctness problem
 Validation is very important
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« Avery powerful debugger

« (Can be used to debug both serial and parallel programs
(especially good for parallel programs)

« Supports multiple languages
« Supported on most architecture/platforms
« Both graphic and command line interfaces

« Numerous featurs

« Common functionalities such as controlled execution and
breakpoints

 Array visualization
« Memory debugging
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« TotalView is only available on Queen Bee and Eric for
LONI users (due to license restriction)
Queen Bee and Eric
 Key: +totalview-8.3.0.1

« Add the key to your . soft file and resoft
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Getting X Window To Work e

e Linux

* ssh -X -Y username@hostname
e Mac Os X

« UseXl1l1

« Windows
 Install Xming and Putty
« Enable X11 Forwording in Putty

lyanl@tezpur2:~ (on tezpur2)
lyanl@tezpur2 “1% ]

https://docs.loni.org/wiki/X11_Forwarding
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 Serial program
« Compile with no optimization and debugging flag turned on:
* icc —g -00 -0 myexec myprogram.c
« Parallel program
« Use the proper MPI implementation
* Queen Bee: +mvapich-1.0-intell0.1l-tvdbg
« Compile with no optimization and debugging flag turned on:

* mpicc —-g -00 -0 myexec myprogram.c
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Getting An Interactive Session e e

 We need to get an interactive debugging session

* gsub -I -X -V -1 walltime=hh:mm:ss,nodes=1:ppn=x
—A <alloc> —g checkpt

PBS has allocated the following nodes:
tezpur333
tezpur33l

o “-X” for X window tunneling

« Run TotalView in the interactive session
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 Serial program

* totalview <options> <executable>

« Example: totalview myexec

» Parallel program

* mpirun_rsh —-tv —-np <num_procs> <host list>
<executable>

O Example: mpirun_rsh —-tv -np 2 tezpur333 tezpur333 myexec
* mpirun _rsh —-tv —-np <num procs> —-hostfile
S S
<path_to_hostfile> <executable>

) Example: mpirun_rsh -tv -np 8 -hostfile $PBS_NODEFILE myexec
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« Debugging with TotalView
e TotalView GUI
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° Always | TotalView 8.3.0-1 (on tezpur333)

File  Edit Mieww Tools  Window Help

appears When = ID /| Rank | Host | Status | Descriptian

mpirun_rsh=pi_parallel_debug=7 (£ active threads)
in main
in __read_nocancel

processesand  |°f. i
threads e 92 7 tezpuriii

. . 1 =local= T mpirun_rsh {1 active threads)
TotaIV]_eW ]_S 2 0 <local= T mpirun_rsh<pi_parallel_debug=0 (2 active threads)
3 1 =local= T mpirun_rsh<pi_parallel_debug=1 (2 active threads)
Started -- 4 2 =local= T mpirun_rsh<pi_parallel_debug=2 (2 active threads)
- 9 3 =local= T mpirun_rsh=pi_parallel_debug=23 (2 active threads)
. G 4 tezpurdil T mpirun_rsh<pi_parallel_debug=4 (¢ active threads)
[ PrOVIdeS an B.1 4 tezpuridt T in main
----- 6.2 4 tezpurisdl T in __read_nocancel

Overview Of all G tezpurdil T mpirun_rsh<pi_parallel_debug=5 (2 active threads)
- & 6 tezpurddl T mpirun_rsh<pi_parallel_debug=6 (2 active threads)

: T

T

T
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Information

TotalView GUI — Root Window  reemeee senees

Status Code Description

Blank

Exited

At Breakpoint

Error

Held

In kernel

Mixed

Running

Stopped

S 40 T X ITmMmw

At Watchpoint

File  Edit Mieww Tools Window Help
= ID /| Rank | Host Status | Descriptian
@ 1 <local= T mpirun_rsh (1 active threads)
-- 2 0 <local= T mpirun_rsh<pi_parallel_debug=0 (2 active threads)
-- 3 1 =local= T mpirun_rsh<pi_parallel_debug=1 (2 active threads)
-- 4 2 =local= T mpirun_rsh=pi_parallel_debug=2 (2 active threads)
-- 3 3 =local= T mpirun_rsh=pi_parallel_debug=23 (2 active threads)
E| la 4 tezpurdil T mpirun_rsh<pi_parallel_debug=4 (¢ active threads)
L 6.1 4 terpurddl T in main
----- 6.2 4 tezpurisdl T in __read_nocancel
-- 7 G tezpurdil T mpirun_rsh=<pi_parallel_debug=15 (2 active threads)
-- 8 G tezpuriil T mpirun_rsh<pi_parallel_debug=§& (2 active threads)
E| a T tezpuriil T mpirun_rsh=pi_parallel_debug=7 (£ active threads)
b 81 7 tezpuradt T in main
----- 3.2 Tdaznuriil T in __read_nocancel
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mpirun_rsh<pi_parallel_debug>.0 (on tezpur344)

Elle Edit Wiew Group Process Thread Action Point  Tools  Window ﬂelp|

« Appears when TotalViewis | .. ... 4P 0 D |5 9 3

G0 Halt  Kill  Restart | Mext Step  OCut | Run To

Started (if da program iS Rank 0: mpirun_rsh<pi_parallel_dehug>.0 (At Breakpoint 1) G
|[[[|||]]]|[[[||[[|]|[[[||1[[||1[[||1[[|||] Thread 1 (182908501376) (At Breakpoint 13 [T

1 3 Stack T ] Stack F
Speleled) [t main, — ral:E]:"P TEfbfffeT50 | X ||Function maa:li .rame

A
_ libc_start_main, FP=7fbfffedll arge: 0x0o000001 €1y ||
_start, FP=T7fhfff=310 aCgV: Dx7ibfffeB28 -
Local wariables:

« For parallel programs each L e
., iotooannnn (0

process/thread may have its R S (0

npoints: 0x00989680 (1001

- d: int[1
. d 7l | Iy (ne ) il
Own pro CeSS W].n OW Function main in pi_parallel_debug.c =]
28 npoints=10000000; A
209 bzero(counts, sizeof (int) #32) ;
30
31 if (myid==master) {
32 printf ("WE hawve %d processors™n", numprocs);
33 send[0]=generator (myid, npoints) ; J
rgjl MPI Sendisend, 1, MPI DOUELE, O, 0, MPI COMM WORLL) ;
35 for{i=0;1<rmmprocs;i++){
36 MPI Recw(recv,l, MPT_DOUELE, 1, 0, MPT_GCOMM W
37 count=count+recv[0];
38 counts[0] [1]=recw[0];
39 counts[1] [1]=count; Fi
~l I =
Action PDints] Prgcesses] Thgeads] P-| P+| T-| T+]
1 pi_parallel_debug. c#34 main+0xbT A |

B
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TotalView GUI - Process Window ="

mpirun_rsh<pi_parallel_debug>.0 (on tezpur344)

Elle Edit  Wiesw Group Process  Thread Action Point Tools  Window  Help
e Stackt | g < -
ack trace pane opcomn, > B W[5 9 5@
Go Halt  Kill Restat | Mext Step  Out | Bun To
1 Rank 0: mpirun_rsh=pi_parallel_debug=0 (At Breakpoint 1) s
° Call StaCk Of IOUtlneS IHHM}!L"""IIHIIHI["H Thread 1 (182908501376) (At Breakpoint 13 [0 NN
Z <k Trace o Stack Frame
[t | main, FE=TfhfEFfeTE0 |& ||Function "main": A
[ J St k f lih tart ir, FE=Tfhfffel00 : 0x00000001 (1
aC r ame ane __st;ri,_s P R TERffenin 3?@3 I]:?:Ehfffeﬂﬁll(} 3> d
Local wariables:
. . i: 0x00000000 {0}
» Local variables, registers and 1., 0a00000000 (0)
o NUMPLOCS : 0x00000008 [(8)
function parameters Foints:  0X00989680 (100
vl | BN ER L bl
Function main in pi_parallel_debug.c =]
e Source pane o T 5
%g wZero(counts, sizeof (int) *32) ;
31 if id== t
® Source COde 32 1 p?:?it;f[:'l'lfm hawve %d processorshn", numprocs);
33 send [0]=generator (myid, npoints) ; J
. . ’% DEIPITSEEd!:SEHdJ 1, DIE’ITDD;]]?LE, 0,0, MPI_COMM WORLD) ;
or(1=U;1<{numprocs; 1++
e Action points, processes, % o ) pr pousLe, 1, 0,wp1_cown W
ki count=count+recw[0];
a8 counts[0] [1]=recvw[0];
threads pane 39 counts[1] [1]=count; i
=~ I El
Action Pnints] Prgc:esses] Th[eads] P P+] T T+|
1 pi_parallel_debug. c#34 main+OxbT A |
4
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e
Information

TotalView GUI — Variable Wind owree e

) Can be Opened by |m counts - main - 1.1 (on tezpur31ll)
. . File Edit Miew Tools Window Help |
double-clicking on a — e
variable name (dive) SHESHT couns Aaess o7

Actual Type: | int,pointer:[2][16]

» Display detailed ype: [ el

: : Field |value im]
information of a — e Ry s
1 (o] 000000000 (0) J
variable [0][2] (00000000 (0)
. (O][3] 000000000 (0
* One can also edit the o 00000000 ()
d h (0[] (00000000 (1)
ata here [01[6] (00000000 (0)
([O[7] 000000000 (0)
[01051 M=OORNAnnn i
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« Debugging with TotalView

» Basic debugging techniques
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Working With TotalView

* One can start debugging with Totalview by
« Starting TotalView with the executable
« Debugging a core file
« Attaching to a running (or hung) process

« We usually debug a code by

Setting up action points

Controlling the execution

Examining the value of variables

Editing the source code
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|m New Program (on tezpur31l)

° St.art TOtalVle.W. "‘}; Erngram] ﬂrguments] Standard IfO] F'aral_lel]
Wlthout SpeleYIHg St%} Frogram: _-"r_l Browse... I

the name Of the [IDEEsE On host  (local) |
program \&;L Core file: | core Browse... |

* Open the program ===
and core file
through the 'New core s
Program' window

OK | Cancell Help |

LONI High Performance Computing Workshop — University of Louisiana at Lafayette IN]H
November 2, 2010

Louisiana Optical Netwnrk Initiative

_ http://www.loni.org



http://www.hpc.lsu.edu/

I s U High Performance Computing @ Louisiana State University - i1::0://v/vyvr.tioc. s, eduf

CENTER FOR COMPUTATION
& TECHNOLOGY

Attaching To A Running Process ™ s

|'-m New Program (on tezpur311)
e Agaln, .Start ] %‘“{i} Emgram] ﬂrgumems] Standard IfO] F'arallel]
TOtaIVIGW WlthOU_t Pragram: | Browse.. |

On host: {local) _{l

specitying the name /[ —
of the program = }

PID:

Attach to elect processes to attach to: Sel_eu:tﬁll' Refresh |

h . | _process | Program | Host | Path stte | PD | PPID |
¢ AttaC to arunnlng i L hash tezpurdlt min/ 8 17124 16792

-?‘;55 f- pha_demux tezpurill fusrflocalishind 3 17123 17124
process through the Open a sshd tezpuriii S 17182 17180
3 17183 1718z
! !
New Program

core file - hash tezpural fhing
[ ]
window Fier by progran o et T

| G
3 | Cancell Help |
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Controlling Execution

Control commands
« (o - start/resume execution
« Halt - stop execution
 Kill - terminate the job
« Restart — Restarts a running program

« Next - run to next source line
without stepping in to another
subroutine/function

« Step —run to next source line

e Out-run to the completion of a
function

November 2, 2010

Infor

ation
Technology Services

o] mpirun_rsh<pi_parallel A=tz 2 (o tooparzrt)
File  Edit  Miew Grourocrocess  Thread  Action Point Tools  Window
Group (Controly (_"| [> " ib 5 > | §
Go Halt kil Restart et Step Out
.................................................... in_rsh<pi_parallel_debug=0 (At Breakpoint 1
J20NA501 376) (At Breakpaint 17 [f{RIIMIHAIIREEE
Stack Trace ] atack Frame
generator, FE=Tfhfffefcl |4 ||Function "generator”: A
mair, FP=TfhfffeTel myid: 0x00000000 (0} m
_ libc_start main, FP=7fbfffelO0 npoints: 0x00989680 (10000000}
_start, Fp=Tfhfffelal Local wariables:
iE 0x00000000 {0}
send: 0x00000000 (0}
randl: -0.599606642313118
rand2: -0.174864941823699
dist: 4.94065645841247e-324
radius: 1
r“ T mbmvee Foe e Fe—mn -'/_
Function generatar in pi_parallel_debug.c =1 =

] return 0; Sy

E9

60

Bl int generator (int myid, int npoints)

620

63 int =0, send=0;

64 double randl, rand2, dist, radius=1.0;

65

b6 srand (time (NULL) +getpid () +myid*9999) ;

67 do{

6i randl=2. 0+ { {rand () /{double) RAND_MAX)-0.5);

] rand2=2. 0% { {rand () /(doubhle) RAND_MAX)-0.5);
if (fabs(randl):radius || fabs(randZ):rradius) continue;

71 dist=sqrt(randl*randl+rand2+rand2) ;

TE if (dist<=radius) send++;

T3 twhile (++j<npoints) ;

TA I(
=~ 1
Action Points] Prgcesses] Th[eads] P-| P+| T-| T+|
1 pi_parallel debug. c#70 generator+0xbb A
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AC tio n P O ints in T O talVieW Technology Services

« Breakpoints stop the execution of the processes and
threads that reach it

e (Can be conditional or unconditional

e Process barrier points synchronize a set of processes or
threads

« Bvaluation points cause a code fragment to be executed
when reached

« Watchpoints let the programmer monitor a location in
memory, and stop execution or evaluate an expression
when its value changes
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Breakpoints

Information

The most basic action point

mpirun_

File Edit

Yiew  Group

rsh<pi_parallel_debug= 2 {<.. =2zpur311)

Process  Threac  Action Point STools

Window  Help

Technology Services

5 9 3

X of

To add a breakpoint

Click on the line number

Right click on a source line -> Set
breakpoint

“* Breakpoint - Barrier - Evaluate IC: 1

When Hit, Stop

~ Group

“* Process

« Thread

'-]II Action Point Properties (on tezpur311l)

(

=

|

Group (Contraol)

G0 Halt Kill Restart

4> D WS

Mext Step

Cut

Run To

Rank 0: mpirun_rsh=pi_parallel_debug=0 (Stopped

Stack Trace

Stack Frame

LR KRR RREEOROIEROIIN. T2 1 (1829085013?6) (Stopped)

npoints=10000000;
bzerof{counts, sizeof (int) *+32) ;

= if (myid==master) {

Location:  shomedyanl/fraininglab/debugging/pi_serial.c#22

Addresses..

= Enahle action point
[~ Plant in share group

Frocesses.. t

-l
A Action P&Q ts] F'rgcesses] Th[eads]

P-| B+| T T:l

_ read nocancel, FE=TfhfffcET0 _\ A
FMIU readline, FE=Tfhfffcfcl Registers for the frame: J
PMII_Set_ from_port, FP=Tfhfffd3i0
getPHIFD, FEP=Tfhfffd2al grav: Dxfffffffffffffel
PMI_Init, FP=Tfhfffe230 gzrdx=: 0x000003ff (1023
InitPG, FP=Tfhfffe370 grex: Oxfffffffffffffs
MEID_Init, FE=Tfhtfffedcl Zrbhzx: Ox7ibifffd3ed (54!
I'IPIR Init thread, FE=Tfhfffe5a0 %r=i: Ox2a9589daal (18!
PMPI Init, FP=Tfhfffebc zrdi: 0x00000006 {(6)
mairn, FE=TthtffeTel Frhp: O0x7fbfffcfcO (54
_ libc_start_main, FP=Tfhfffe200 Frsp: Ox7fhfffcf78 (G4
e TNn_TFLFFEFE-O-1 n{ T nu-‘n-ﬁn;n;n;n-fn-:n-_ll_
Function ={any} in pi_parallel_debug.c |

17 int 1, j.master=0; A

13 inkt numprocs;

14 int myid;

20 int npoints, send[1]={0}, recv[1]={0}, count, counts[2] [16];

21 double PI;

22

23 MPI_Status stat;

24 MPI_Init{&argc,&argv);

25 MPI_ Comm_size (MPI_ COMM WORLD, Snuomprocs);

26 MPI_Comm_rank (MPI_| cumu WORLD, Smyid);

i_parallel_debug.c#Qg main+0x6T

Ok | Delete | Cancel |

Help |
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CENTER FOR COMPUTATION
& TECHNOLOGY

Evaluation Points Technorony Somices

mpirun_rsh<pi_parallel_debug>.0 (on tezpur311)

File Edit “iew Group FProcess Thread Action Point Tools  Window Help |
Group (Controly _"l [b ii ib 5 ‘g § :
® Stop and execute a CO de Go  Halt Kl Restart Mext Step out | RunTo
Rank 0: mpirun_rsh=pi_parallel_debug=0 (At Breakpoint 1) s
[|||1|[|1|[|]|1|[|1|[|]1[|1|[|]|1|]|1|[|]|1|[|]|]| Thread 1 (162308501376) (A1 Breakpoint 1) lllllllllllllllllllllllllllllllllllllllllllllllllllllllll
fragments when reached .
generator, FE=7fhfffefcl | ||Function "generator”: Y
main, FP=TfbfffeTel myid: 0x00000000 {0} J
o _ like start main, FP:;EEEEEEggg Loggiizgiiables.l]xI]IJBBBSBI] {10000000})
« Useful when testing small . |
) Al send %00000000 {0}
patches T cuateontespusiy =0 x SN QEEESTH TRy
Expression: 3'?: ) 1
- iuas:
float rad; = -{_
rad = rand2franct; | jesess =S =
e Toadd a code fragment | * i
« Tools > Evaluate
=1.0;
#
Graup: Languarge: 990
Thread 2.1 7| c | |le) RAND_Max) -0.5) ;
= |[2) RaND D) -0, 55 _
Result: fabs (rand) >radius) continue; J
= d2*rand2)
0291633 £
]
=]
Pl e Tl
b A
£
Evaluate | Stop Cloge Help
| I kil
LONI High Performance Computing Workshop — University of Louisiana at Lafayette IN]H
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Watchpoints

Technology Services

e

. |]]] dist - generator - 2.1 (on tezpur311l)
e Two types OfWﬂtChpOlntS File Edit View Tools Window Help |
.. 21 | S | B [ KE Y

° Uncondltlonal Expression: | dist Address: | Dx7fhfffeB50

« Conditional il —
Walue i
« Example: stop the ‘T watchpoint Properties (on tezpur31l) |1 Watchpoint Propertics (on tezpur3il) x
eXeCutiOH after 501( “* Unconditional ~- Conditional  1D: <hews ~ Unconditional <> Conditional — 1D: <news

When Hit, Stop

iterations

e To add a watchpoint

« Right click on a variable ->
Create watchpoint

“* Group

~ Process

+ Thread

Type for gnessvalfgoldval: | double

Expression:

I

w C++ > C + Forfran

Address: | 0xFiofffefS0  Length in Bytes: | §

™ Enahle watchpaoint

FOCESSES. |

I~ Plant in share group

Address: | 0x7FibffesS0  Length in Bytes: | &

I Enable watchpaint

Processes. . |

I Flant in share group

Idist

Ok,

Cancel | Help |

Delete |

| dist

Cancel | Help |

oK | ge|ete|
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CENTER FOR COMPUTATION
& TECHNOLOGY e
° ° ° Information
Diving On An Object P
|'_ counts - main - 1.1 (on tezpur311) E=
« o C 1) « 0 File Edit Miew Tools ‘Window Help ‘
° DlVlIlg Imears ShOWlIlg K | EEIETIRTEY
o ) ”» Expression: | counts &ddress: | 0x7fhffedz0
more details on an object Sics. [
Actual Type: | int,pointer:[2][16]
. . Type: | int[2)[:
e By double clicking, one can Lo [l = =
1 (O][0] 0x0001331d (76621) A
lee on (o] 000000000 (0) J
. 1) o T T T o 1
® Val'lableS (01131 counts - main - 1.1 (on tezpur311)
[0]4] File Edit View Tools ‘Window | | ﬂelp‘
11 2 Hedl | B | K€ 33
[ ] PIOCGSSCS/threadS {g}{:} E@ressiun:|cuunts[ﬂ][4] P«ddress:| Ox7hiffrros
. [07] Type: | int
e Subroutines ol | vane 0
D:Ne2EET0 () —
. o0
' * ' 1
« Use the 'undive'-putton to
go back
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CENTER FOR COMPUTATION
& TECHNOLOGY

Information

VieWing/ E diting D ata Technology Services

« View values and types of variables
« By hovering mouse over the variable
« In stack frame
« In variable window

« Edit variable value and type
e In stack frame
e In variable window

LONI High Performance Computing Workshop — University of Louisiana at Lafayette IN]H
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CENTER FOR COMPUTATION
& TECHNOLOGY Q=
° Information
Handling Arrays (1) Tochrlogy Sonies
. . ' buffer - /home/lyanl/traininglab/debugging/cel =T x|
¢ SllClng File  Edit  Miew Tools  Window Help |
Di 1 b . b 11 = :s:§|@%|§%%%%
* lsp ay array Su SeCtlon Y Expression: | buffer Address: | 0005860 [Sparse]
1 s : : Slice: | (1:100:5) | Filter:
elelng the Sllce fleld 11 the P.Etua!ﬁype: INTEGER"4 ,pointer:(100)
variable window Type: | INTEGER*4,pointer.:()
Field |Walue im
« Form (1) 0 (000000000 Al
. (6) 5 (0x00000005)
* [upper bound:lower {113 0 (000000000
bound:stride] (16) 5 (0%00000005)
(21 0 {0=00000000)
(28) 5 (0=00000005)
(31 0 (000000000
(36) 5 (0=00000005)
(41 0 (000000000 =
(48] 5 (0=00000005)
(51 0 {0=00000000)
() 5 (0=00000005)
(1) 0 (000000000 y
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CENTER FOR COMPUTATION
& TECHNOLOGY =
° Information
Handling Arrays (2) Teohnacgy Senice
° Fllter]‘ng |'-m buffer - /nome/lyanl/traininglab/debugging/cell_seq_f - 1.1 (= &%
. . File  Edit Wiew Tools ‘Window Help |
« Display array subsection by I T2 [ FE K< %
L e S E ion: | b ddrazs- | <0058ffR0 [SHarzal
applying a filter (filter field e f i T ERTETI
- - - Actual Type: | INTEGER™4, pointer:(100)
in the variable window) T, [FESE o
« Available filter options - e e -
. . . (B} 5 (0x00000005)
e Arithmetic comparisontoa | 6 (000000006} J
i) 7 (0x00000007)
constant (15) 4 (0x00000004)
« Comparison to NaNs and o R
Infs (18) 7 (0x00000007)
(€49 4 {0=00000004)
o, . (26) 2 (0=00000003)
. Condl.tlons can be . o o000t
combined by using logic ) 7 (0400000007)
(35) 4 (000000004} i

operators
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Infomation

H dn dlin g AI‘I‘ ays (3 ) Technology Services

:buffer(1:100) (on qb4)

File  Window
e Visualization
Q c Array Statistics (on gb4)
» Variable window -> =
File Edit Window
- i i i 0003030001001 O
TOOIS > Vlsuahzatlon {at Ox00SGEEE0) [Sparse] Type: INTEGER*,point T
Slice: ()
. ] Filter:
¥ Axiz
o Statistics
Count: 100
. o Zero Count: 10 “0
e Variable window -> | - iso
. . Mazimum : ]
Tools -> Statistics tedien s
Standard Deviation:  2.88675134504813 am +- - e o
First Quartile: 2 X Axis
Third Quartile: T
Lower Adjacent: 0
Upper Adjacent: 9
Nall Count: N/A
Infinity Count: N/B
Denormalized Count: N/A
Checksum: 30840
¥
Update |

LONI High Performance Computing Workshop — University of Louisiana at Lafayette IN]H H
November 2, 2010

Louisiana Optical Netwn;k Initiative



http://www.hpc.lsu.edu/

I s U High Performance Computing @ Louisiana State University - i1::0://v/vyvr.tioc. s, eduf
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& TECHNOLOGY Vi ewin g Dyn ami C Ar r ayS Techllgcl)c tSioeI;VI'CGS
in C/C++

[ buffer - main - 1.1 (on gb4 BEE
 Edit “type” in the variable window | £ e var me s J W__ T
» Tell TotalView how to interpret the | usu: :
memory from a starting location |- eomemo
’ EXample [ buffer - main - 1.1 (on qb4)
. Toview an array of 100 integers | - [s%lwe El
e int * -> int[100]* U[]—@

000501010 -> (irt{100])
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° Information
O u tl 1 n e Technology Services
°
°

« Debugging with TotalView

« Features for parallel programs
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Information

Bugs in Parallel Programs o somee

« Parallel programs are prone to the usual bugs found in
sequential programs, plus

« Erroneous use of language features
« Mismatched parameters, missing mandatory calls etc.

Defective space decomposition

Incorrect/improper synchronization
Hidden serialization
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& TECHNOLOGY

Debugging Parallel programs ..
with TotalView

« Everything we talked about TotalView still works (well,
almost)

« Exceptions: stepping over a communication call while the other
processes are stopped or being held

e Additional features
* Scope of Control Commands
« Group/Process/Thread
« Displaying message queues (MPI programs)
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Information

SCOpe Of ContrOl Commands Technology Services

e For serial programs
« Notanissue because there is only one execution stream

« For parallel programs, we need to decide the scope to
which a control command applies

« The process window always focuses on one process/thread

* Need to set the appropriate scope when
 Giving control commands
« Setting action points
« Switch between process/threads
¢ “p+/p-” and “t+/t-” button
» Through the root window
« Through the process/thread tab

LONI High Performance Computing Workshop — University of Louisiana at Lafayette IN]H
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Information

Process/Thread Groups Technaosy Seres

e Group (control): all processes and threads

« Group (workers): all threads that are executing user code
e Rank X: current process and its threads

« Process (workers): user threads in the current process

e Thread X\Y: current thread

« User defined group

e Group -> Custom Groups, or
« Create in call graph

November 2, 2010
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Infomation

DisplaYing Message Queues Technology Services

 Detect
« Deadlocks
« Load balancing issues

|
e To access - TP p——

Filter ] Layout ] Cycle Detection ] Save As..

® TOOIS _> Message Queue T Pending Sends Group {Contral) _fl
Graph W Pending Receives
W Unexpected Msgs _I Filter on specified message tags: I 2

FAPI_COMEA_WORLD Ranks:

“1|2|3|4|5|a|?|a|9|1n|11|12|13|14|15|

| —

I Show Options At Graph Cpen

| Spply | Hide | Help | N

=
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| -
Information

Displaying Call Graph Tocnnolgy Services

'T0 call Graph - a.out:Control Group (on tezpur333) |=|0|X|

Group (Control) _"l 7 Auto-Arrange
A

* Quick view of program state
 Nodes are functions

{1-15)

« Edges are calls

| prmpi_reduce_ || FMPI_Finalize |

e Look for outliers lo 015

° TO access [ PMPI_Reduce || PMPI_Barier |

m (1-15)

) TOOIS -> Call Graph [intra_shmem_Reduce |[intra_shmem_Barrier |

i T (1-3, 57, 9-11, .

MMPID_SHMEM_COLL_GetshmemBuf || PRPI_Sendrecy || MPID_SHMEM_Ct

| MFID_RecvComplete |

=

1 ot
Update | Save As.. | Cloge | Help |
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Information

N O t C Ove r e d Technology Services

 Memory debugging

Leak detection

Heap status

Memory usage

Memory comparison

« Command line interface
« Command line options
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& TECHNOLOGY Re f er ence S and Additional Tech% Zlgvices
Resources

« TotalView user manual

e http://www.totalviewtech.com/support/documentation/totalvie
w/

« LLNL Total View tutorial
« https://computing.linl.gov/tutorials/totalview/

« HPCBugBase
« http://www.hpcbugbase.org/index.php/Main_Page
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Information

Exercise T

 Files and instructions
« http://www.cct.Isu.edu/~lyanl/totalview/uno.php
« Use the serial program to get familiar with the features of

TotalView
e Itis bug-free

e Debug the parallel program
* Check the result by comparing to that of the serial program
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