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Goals L

» Get familiar with TotalView, the primary debugging tool
on LONI clusters

* Get familiar with TAU, the primary profiling tool on LONI
clusters
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Three Steps of Code Developmen e s

« Debugging
« Make sure the code runs and yields correct results
« Profiling
« Analyze performance to identify bottlenecks
e Optimization
« Make the code run faster and/or consume less resources
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« 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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° Information ‘
D ebugglng TO OlS (Lt
e Write/Print/Printf

Compiler tlags

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

 Totalview

« DDT
« Valgrind
« Eclipse
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& TECHNOLOGY Wh at A Debugger Can and Tech’[,’g Oelrﬂ{vices
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

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
April 26-28, 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

Information

Avail ab ility Technology Services

« 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)
anlBtezpur? “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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TotalView GUI — Root Window  reemeee senees

° Always | TotalView 8.3.0-1 (on tezpur333)
File  Edit Mieww Tools  Window Help
appears When = ID /| Rank | Host | Status | Description
. . @ 1 <local= T mpirun_rsh (1 active threads)
TotaIV]_eW 1S B 7 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 tezpurddt T in main
----- A& 4 tezpurddl T in __read_nocancel
Overview Of all G tezpurdil T mpirun_rsh=<pi_parallel_debug=15 (2 active threads)
- & G tezpuriil T mpirun_rsh<pi_parallel_debug=§& (2 active threads)
d E| a T tezpuriil T mpirun_rsh=pi_parallel_debug=7 (£ active threads)
pro cesses an e 91 7 tezpuraii T in main
threads L0z 7 ezpuriil T in __read_nocancel
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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

LONI High Performance Computing Workshop — Louisiana State University

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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TotalView GUI - Process Window -~

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 -
11 1 h Local wariables:
i: 0x00000000 (0}
 For parallel programs eac D peomonnces (o)
master : 0x00000000 {0)
L numprocs:  0x00000008 (8)
rocess/thread may have its o buaooooon (03
npoints: 0x00989680 (1001
ind gl e Geenp B
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 |
i
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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

1 - Field |alue im
lnformatlon Of d [O70] 0x<0001331d (78621) i
Varlable Wiy 0x00000000 (0) J
([O]2] 000000000 (0
. (O][3] 000000000 (0
* One can also edit the o 00000000 ()
[O][5] 000000000 (0
data here [01[6] (00000000 (0)
([O[7] 000000000 (0)
[010a1 M= MO0 ]
LONI High Performance Computing Workshop — Louisiana State University IL@IN]H H
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C < ) . hlnflormagion ‘
Ontr()lllng EXe Cutlon echnology Services
W mpirun rshepl paraluaey oo =Y

File  Edit  Miew Grouro rcrocess  Thread  Action Point Tools

Group (Control) (_"| [> " ib 5 ‘g §

Go Halt kil Restart et Step Out
In_rsh=pi_parallel_debug=0 (At Breakpoint 1

e Control commands
ANASN1376) (At Breakpaint 13 |1HIAHRAIAEEES

» (Go - start/resume execution B < N

Window

Function "gensrator”: A
mairn, FP=Tfhfffelel myid: 0x00000000 {0} m
R _ libc_start main, FP=7fbfffelO0 npoints: 0x00989680 (10000000}
_start, Fp=Tfhfffelal Local wariables:
i alt — StOp execution i 0x00000000 (0)
send: 0x00000000 {0
randl : -0.599606642313118

« Kill - terminate the job e,

Bllon i nboce For +1n Feomn. _l/—

° Restart _ Restarts a running pro gram - rEturFItJnchtion generatar in pi_parallel_debug.c = =

E9 3}
&0
9 Bl int generator (int myid, int npoints)
e Next - run to next source line g (I s
. . . 61 fouble randl, rend2, dist, radius-1.0;
Wlthout Stepplng ln to another E? grand(time(N‘U‘L.L)+getpid()+myid*9999),'
af
b : f : 66 rand1=2. 0*( {rand () / {double) RAND_MAX)-0.5);
subroutine/function PR e |
71 dist=sqrt(randl*randl+rand2+rand2) ;
. TE if {dist<=radius) send++;
» Step —run to next source line § wisceipeines) i
= i
. Action Points] Prgcesses] Th[eads] il il LI T+|
e Out-run to the completion of a T _pareTieL ooy P10 gt .

function
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Information

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

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
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Breakpoints

The most basic action point
To add a breakpoint

e (Click on the line number

« Right click on a source line -> Set

breakpoint
'
“* Breakpoint - Barrier - Evaluate IC: 1

When Hit, Stop

~ Group
“* Process

« Thread

Action Point Properties (on tezpur311l)

C

mpirun_rsh<pi_parallel_debug= 2 {-.:

Information

fazpur31ll)

Technology Services

File Edit “iew Group Process Threac  Action Point STools  Window  Help
e _
Group (Control) _-",l [> ii M ii 5 ‘g _:? qi
Go Halt  Kill  Restart | Mext Step  Cut | Run To

Rank 0: mpirun_rsh=pi_parallel_debug=0 (Stopped

Stack Trace

Stack Frame

(AT, Threag 1 (1829085013?6) istoppecy T

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

Addresses.. I

= Enahle action point

[~ Plant in share group

7
Frocesses.. t

Cancel |

Ok | Delete |

Help |

LONI High Performance Computing Workshop — Louisiana State University
April 26-28, 2010

_ read nocancel, FE=7fhfffcE70 _\ A
FMIU readline, FE=Tfhfffcfcl Registers for the frame: J
BMII_Set_from_port, FBP=TELEf££d4830
getPHIFD, FEP=Tfhfffd2al grav: Dxfffffffffffffel
PMI_Init, FP=Tfhfffe230 gzrdx=: 0x000003ff (1023
InitPG, FP=Tfhfffe370 grex: Oxfffffffffffffs
MPID_Init, FP=Tfhfffedcl grhx: Ox7fbhfffd3eld (54
MPIFR Init thread, FP=TfhfffeLa0 zrsi: Dx2a9589daal (18:
PMPI Init, FP=Tfhfffebc zrdi: 0x00000006 {(6)
Tmalr, FP=TfhfffeTel Frhp: O0x7fbfffcfcO (54

libc_start_main, FP=7fbfffe390 Zrsp: Ox7ibfffcf78 (b4l

Tty - wn_ Tk eeenoon ol Senm 1 n..-:n-:n-:n-:..-:..:..:,.._lf_

Function ={any} in pi_parallel_debug.c S
17 int 1,3, 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_| CDMM WORLD, Smyid);
28 npoints=10000000;
bzerof{counts, sizeof (int) *+32) ;
]
= if (myid==master) { £
- 1=
| Action P&Q ts] F'rgcesses] Th[eads] F-| F+] T- T+|
i_parallel_debug.c#Qg main+0x6T A
#l

LONIL
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Evaluation Points

Infotion
Technology Services

mpirun_rsh<pi_parallel_debug>.0 (on tezpur311)

File Edit “iew Group FProcess Thread Action Point Tools  Window Help |
S d d Graoup (Control) | [b ii ib 5 ‘g § .
o top dn execute d coqge Go Hat Kl Restar Next Step out | Run To

Rank 0: mpirun_rsh<pi_parallel_debug=0 (At Breakpoint 1

ML s (16290850176) (81 Breakpoint 1

Stack Trace

Stack Frame

fragments when reached

« Useful when testing small
patches

generator,
main,

_ like start main,
_start,

Evaluate (on tezpur311)

Expression:

FE=Tfbfffefcl |4 ||Function "generator":
FE=TfbfffeTel
FP=Tfhfffed00
FE=Tfbfffedal

float rad;
rad = rand&frandl;

e To add a code fragment
Tools > Evaluate

rad]

Group: Language:

Thread 2.1 |

Result:

D.291633

= e—= [

myid:
rnpoints:
Local warizbles:

L_L-

0x00000000 {0}
0x00989680 {10000000)

x00000000 {0}
-0.599606642313118
-0.174864941823699

nnnnn Fmm Flm Fmmmm

Bhug.c Bl H-{_
5

=1.0;

a0y ;

le) RAND_ME:)-0.5);
le) RAND_ MAX)-0.5);
fabs (rand) >radius) continue;

I

Cloge

Evaluate |

stop

Help

d2*rand?2) ;
]
=]
Pl Pl T Tof
b A
kil

LONI High Performance Computing Workshop — Louisiana State University
April 26-28, 2010
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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|

April 26-28, 2010
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CENTER FOR COMPUTATION
& TECHNOLOGY e
° ° ° Information
Diving On An Object
|'_ counts - main - 1.1 (on tezpur311) E=
« o C 1) « 0 File Edit Miew Tools ‘Window Help ‘
« “Diving” means “showing . =2 [BE K>
o o 13 Expression: | counts Address: | DxFibfffedz0
more details on an object Sics. [
Actual Type: | int,pointer:[2][16]
. . Type: | int[Z][]
e By double clicking, one can = =
1 (O][0] 0x0001331d (76621) A
leG on (0711 000000000 (0) J
® Variables {g}g 0 counts - main - 1.1 (on tezpur311)
[0]4] File Edit View Tools ‘Window Help ‘
11 2 EEIEFIITXEY
[ ] PIOCGSSCS / threads {g}{:} Expression: | counts[0][4] P«ddress:| Ox7hiffrros
. [07] Type: | int
e Subroutines ol | vane ]
OxACEFTTd () —
. LN ]
' * ' 1
e Use the 'undive'-outton 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 — Louisiana State University IL@IN]H
April 26-28, 2010
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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 |
Displ b . b 11 ] =2 | B | K<
* 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 |value i
e Form (1) 0 (0=00000000) 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) Teohnaogy Senice
° Fllter]‘ng |'-m buffer - /home/lyanl/traininglab/debugging/cell_seq_f - 1.1 (= [8% |
. . File  Edit Wiew Tools ‘Window Help |
« Display array subsection by I T2 [ FE K<
* * * 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 | + Grooo0nne
constant () 7 (0x00000007)
{19 4 (0=00000004)
« Comparison to NaNs and o S
Infs (18) 7 (0x00000007)
(€49 4 {0=00000004)
e Conditions can be o ——
combined by using logic ) 7 (0:00000007)
operators (35) 4 (0x00000004) 4
LONI High Performance Computing Workshop — Louisiana State University IL@IN]H i
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& TECHNOLOGY

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 -> T :
- i i i 0
TOOIS > Vlsuahzatlon {at Ox00SGEE60) [Sparse] 1l~ype; I(N‘)IEBER*él,point T
Slice: (:
. ] Filter:
e Statistics v
Count: %gﬂ o
. . Zero Count:
e Variable window -> | - iso
° 3 Mazed mum : 9
Tools -> Statistics tedien s
Standard Deviation:  2.98675134594813 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
¥i
Update |
LONI High Performance Computing Workshop — Louisiana State University IL@IN]H H
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CENTER FOR COMPUTATION

& 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])

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
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CENTER FOR COMPUTATION
& TECHNOLOGY

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

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
April 26-28, 2010
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CENTER FOR COMPUTATION
& 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)

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
April 26-28, 2010
Louisiana Optical Netwnrk Initiative
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CENTER FOR COMPUTATION
& TECHNOLOGY

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 — Louisiana State University IL@IN]H
April 26-28, 2010
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CENTER FOR COMPUTATION
& TECHNOLOGY

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

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
April 26-28, 2010
Louisiana Optical Netwnrk Initiative
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CENTER FOR COMPUTATION
& TECHNOLOGY

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

E
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CENTER FOR COMPUTATION
& TECHNOLOGY

e
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 |

]
-~ | =
Update | Save As.. | Cloge | Help |
LONI High Performance Computing Workshop — Louisiana State University IN]H i
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CENTER FOR COMPUTATION
& TECHNOLOGY

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

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
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CENTER FOR COMPUTATION

& 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

LONI High Performance Computing Workshop — Louisiana State University IN]H
April 26-28, 2010
Louisiana Optical Netwnrk Initiative
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CENTER FOR COMPUTATION
& TECHNOLOGY

Information

Three Steps of Code Developmen e s

« Profiling

« Analyze performance to identify bottlenecks

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
April 26-28, 2010
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e TEeoLo6y |
P 140 f il i n g T
« Gather performance statistics during execution
 Inclusive and exclusive time
« Number of calls
« Reflects performance behavior of program entities
« Routines
 Loops
« Implemented through
« Sampling: OS interrupts or hardware counters
« Instrumentation: calls to measurement functions
LONI High Performance Com%t;'g% m:sr,kgg;:g — Louisiana State University IL@INIH lllllll
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CENTER FOR COMPUTATION
& TECHNOLOGY

Information

Wh at iS T AU Technology Services

« Tuning and Analysis Utilities
* Developed at University of Oregon

« Scalable and flexible performance analysis toolkit
« Performance profiling and tracing utilities
« Performance data management and data mining
« Automatic instrumentation through Program Database Toolkit
(PDT)
« Also provides an instrumentation API

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
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& TECHNOLOGY

Information

Avail ab ility Technology Services

e Linux clusters
« Softenvkey: +tau-2.18-intel-11.1-mvapich-1.1

o AIX clusters
« Softenv key: +tau-2.1.6

e« Note: PAPI is not available at the moment, so TAU is
unable to provide hardware counters

LONI High Performance Computing Workshop — Louisiana State University IL@IN]H
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CENTER FOR COMPUTATION
& TECHNOLOGY

Information

U S age Technology Services

Add the softenv key to .soft and resoft

Compile your code with the TAU compiler scripts

« tau f90.shforFortran, tau cc.shforCand tau cxx.sh for
C++

« Your code will be instrumented automatically

Execute the generated executable as usual
« Profile datafilesprofile.x.x.x will be generated

Analyze the results with paraprof (discussed later)

X
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CENTER FOR COMPUTATION
& TECHNOLOGY

Information

Paraprot Toomatay Somioe

« Java-based analysis and visualization tool for
performance data

« 'pprof’ is for text based profile display

« (Can work with profile data generated by other profiling
tools, e.g. MpiP
« Options
e —-f <file type>:specily type of performance data
e -m: perform runtime monitoring

« —--pack <file>:pack profile data into one file

X
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Infomation

M ain D ata Win d OW Technology Services

TAU: ParaProf: /work/lyanl/ClusterTest/tautest/lammps-09jan09, - +

File Options Windows Help

Metric: Time
Walue: Exclusive

Std. Dew
Mean
node 0
node 1
node 2
hode 2
noce 4
node &
nocde &
node 7
noce &
node 5
node 10
noce 11
node 12
node 12
node 14
node 15

woid LAap b PS_RSPairl | Cut: computedint, int) [{pair_lj_cut.cppt {e8, 11-{ 146, 11]
Exclusive Time: 14 066 seconds

Inclusive Time: 14 0492 secaonds

Calls: 50001 0

SubcCalls: 1005020
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& TECHNOLOGY

Main Data Window: Unstacked Bars~

TAU: ParaProf: /work/lyanl/ClusterTest/tautest/lammps-09jJan09, - +

File | Options | Windows Help
Metril ¥ Show Meta Data in Panel
Valug O mormalize Bars
¥ Descending Order
Std. D Sta[k Bars Tugether = = i D i I:l i i
: Select Metric.. P = Exclusive r ] O & 0ol —
no ! | O = Hill ==
ng  Sort by.. ¥ © Inclusive — e N 0 -
node 2 [ O Exclusive per Call [ |]I:| i=|] HHED | E
node 2 [ ) nclusive per Call —
noded P O e OO0 .
node s 0 ] C Number of Calls s =000l ==
noce & _ ' Number of Child Calls = I:l = D H i[ll] =
node 7 ] el 8] | L] = 0 800
node 8 0 ] — 3| 8 D000 ==
nodes ] — B s [ 0000 ==
node 10 ] [~ g s [ (i
node 11 ] — H s W 0000 ==
node 12 [ ] e [ = I T~ |
node 13 [ | [ — | T |
node 14 [T e = OO OOl ==
node 15 [T | e ] = 1 § I 0 ==
LONI High Performance Computing Workshop — Louisiana State University IN]H i
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& TECHNOLOGY

Function Data Window: Histogramny ==

TAU: ParaProf: Histogram: /work/lyanl/ClusterTest/1 - + x
File Options Windows Help

void LAMMPS_NS:Comm:reverse_communicate() [{comm.cpp}
{450,1}-{493,1}]

5.25
5.00
4.75
4.50
4.25
4.00
375
3.50 'work/lyanl/ClusterTest/tautest/lammps-09Jan09; - + x
3.25
3.00
g 275
£ 250 [—  E— | O & 0 i =
2.25 [— | - O 0000 .
200 — 1] = O = DIl ==
: 1 | — ] § I |
175 1 | E—— | | 0 |
= g - O = G000 =
1.50 — 0] = = =0 @00 —
1.25 = e s 00100 —
Show Source Code = E = O Bil [—]
1.00 Show Function Bar Chart = = O @00 [— ]
0.75 Show Function Histogram — W O 000 |
050 Assign Function Color E %E % E |]|] E
bos Reset to Default Color e W 001 [—|
i — =R —]
. e |
eoe 2515 3773 5.03 5.288 7.545 8.E03 10.06 11318 12575 ] ] =] ]:|E %E E
Exclusive Time (seconds) 1 [ E— 1§ [0 —|
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& TECHNOLOGY

Information

Function Data Window: Bar Charteees s

TAU: ParaProf: Function Data Window: /work/lyanl - + x
File Options Windows Help

Mame: void LAMMPS_NS Camm: reverse_communicate( [{comm.cpp} {450, 11-{453,1}]
Metric Mame: Time

Walue: Exclusive

Units: seconds

4.559 [ (1121
1.874 eeeee— 0. ey
2.93] [eeeeee— 0dE O

0.27 [ node 1
0.262 [ node 2
: [ rode 2
el WCCCEEE'work/lyanl/ClusterTest/tautest/lammps-09Jan09; - + x

Ly L
Sy —————————————— L
4.672 [— 1\0Ce 7
GG e node 8
G s ey node 9 = - g8 0 i B
. — —
Pl ——— e 1 — el — = I
2 0 | EFEF}ENMNY nOde 12 - L Bl b 1=
0.339 [ node 12 i B i [ 6 =
L TG | node 14 [~ E ? % E] E H I E
031 M@ node 15 o - w000 e
Show Source Code = E = O Bil =
Show Function Bar Chart = = O 500 [
Show Function Histogram — I O 001 |
Assign Function Color E %E %E ﬂu E
Reset to Default Color = O OO0l =
—a=- Wl -
e —— R ] -
— ] —pl=N sl =]
1 | —— | 1 ® Ol (—]
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& TECHNOLOGY

3 D Vi eW Technology Services

File Options Windows Help

Triangle Mesh
@ BEar Plot

Scatter Plot

Height Metric
Exclusive w | Time
Color Metric

Exclusive - Time

<none:z
Function

Thread

Height value

Color value

Ear Plot Axes ColorScale Render

Plot Width W
Plot Depth N
Plot Height N

Ear Size O

Transparency Wy

April 26-28, 2010
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Individual Thread View Teomaty Soioe

TAU: ParaProf: /work/lyanl/Clusterl TAU: ParaProf: n,c,t 3,0,0 - /work/lyanl/ClusterTes -

+*

File Options Windows Help File Options Windows Help
e e e Metric: Time
Walue: Exclusive
Std. Dev, | nits; seconds
e | —
node 0 1 : D .. ; ; i |
nade 1 15622 | | woid LAMMPS_MS:Pairl|Cut: cormputeding, int) [{pair L%
ey 2267 [ MPI_Alreduce() -
node 2| 2051 o void LAMMPS_NS:Meighbar:: half_bin_newtan{LamMMA__|
noi Show Thread Bar Chart 1.244 [ woid LAMMPS_MNS: Comm::communicated [{comm.cp
EE Show Thread Statistics Text Window 1.102 [ woid LAMMPS_MS:: Corrm: reverse_communicated [fc
nod Show Thread Statistics Table 0.725 [ woid LAMMPS NS FixMYE: initial_integratedint) [{fix_n
naod Show Thread Call Graph 0.624 B MPI_wait)
not Show Thread Call Path Relations 2.40% [ woid LAMMPS M FixNVE: final_integrate [{fix_me.
:Eg Show User Event Bar Chart 0.267 @ MPLInitd
nodd Show User Event Statistics Window 0,214 [ MPI_Recw)
nodd Show Context Event Window 0.207 [ int LAMMPS_NS:Neighbor:: check_distanced [{neight
node Show Metadata for Thread 0,183 [ MPI_Cart_created]
NOZE  sdd Thread to Comparison Window 0,189 [ woid LAMMPS_MNS:Werlet:iteratefint) [{werlet. cppl {12
0,17 [ woid LAMMPE_MNS:Werlet: force_clear() [{verlet.cppt{
0,124 [ MPI_Sendd
0.101 | MPI_Sendrecw
0.094 | woid LAMMPS_MS::FixSetFarce:: past_farceint) [{fix_se
0.084 | woid LAMMPS_WS::Meighbor::bin_atams( [{neighbaor.
0.084 | woid LAMMPS_MNS:: Comim::barderst [fcomm.cppl {6
0.058 | woid LAMMPS_MS:Comm::exchanged [{camm.cpp}{
0.051 | woid LAMMPS_MS: AtomvecAtomic: unpack_reverse(
0046 | int LAMMPS_NS AtomYecAtomic:; pack_comm(int, int
0,042 | woid LAMMPS_MS::Timer:: stamp(int [{timer.cppl {52
0.042 | woid LAMMPS_NS:Timer::stamp( [{timer.cop}{43,1
0.037 | MPLIrecw(y
0,035 | woid LAMMPS_NS::Integrate:; ev_set{int) [{integrate.cg
0.025 | woid LAMMPS_MNS::Modifyv:initial_integrateint [modi |
(] i | [*]
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Information

Comparing Multiple Threads o s

ParaProf: Comparison Window

: ParaProf: /work/lyanl/

" " File Options Windows Help
Options Windows Help

File

'IMetric: Time .tau,fIammps—O9]anO9,ftautest,fCIusterTest,fI\,aanl,fwnrk,f - node 2
Walue: Exclusive .tau,fIammps—O9]anO9,ftautest,fCIusterTest,fI\,aanl,fwnrk,f - node 2
nits: seconds

Metric; Time
walue: Exclusive

sto. Dew.

Mean 4261 [

node 0 15 622 (266 584%) [ — 0 LAMMPS S
node 1

. | .
node 2 E 15.346 M PI_Waiti)

0.624 (4.062%

MmD

PairLiCut::camputednt, inty [pair_lj_cut.cpp} &8, 1-11

node
rnol Show Thread Bar Chart
2.391
EE Show Thread Statistics Text Window 2267 (66 064%) | T -AIrECUCED
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Options for TAU Compiler ScrlptSTeCh"O'ogysms

« Display available options with 'tau_xxx.sh -help’
« Options
« -optVerbose: display verbose debugging information

« -optKeepFiles: keep intermediate files (instrumented source
files)

e -optDetectMemory: trace malloc/free calls
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Informat/on

Notes for Fortran Programmers e s

Use include 'mpif.h' instead of use mpi

If free format is used with .f files, use the
'—optPdtF950pts=-R free' option

If more than one module files are used, use the
'—optPdtGnuFortranParser' option

If C preprocessor directives are used, use the
'—optPreProcess' option
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T AU E nVir O nm e nt Vari ab l e S Technology Services

« TAU provides many environment variables
« TAU_MAKEFILE
« TAU_THROTTLE
« TAU_OPTIONS
« PROFILEDIR
« TRACEDIR
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TAU MAKEFILE e .

« Different TAU maketfiles corresponds to different
configurations

« There are quite a few
e« The defaultis “icpc-mpi-pdt”

Makefile.
Makefile.
Makefile.
Makefile.
Makefile.
Makefile.
Makefile.
Makefile.
Makefile.

tau-intel-11.
tau-intel-11.
tau-intel-11.

tau-intel-11.

l-mvapich-1
l-mvapich-1
l-mvapich-1
l-mvapich-1.

.1-callpath-icpc-mpi-compensate-pdt
.1-callpath-icpc-mpi-pdt
.1l-depthlimit-icpc-mpi-pdt

l-icpc-mpi-compensate-pdt

tau-intel-11.1-mvapich-1.1l-icpc-mpi-pdt

tau-intel-11.
tau-intel-11.
tau-intel-11.
tau-intel-11.
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l-mvapich-1
l-mvapich-1

l-mvapich-1

.1-icpc-mpi-pdt-trace
.1-icpc-pdt
l-mvapich-1.

l-icpc-pthread-pdt

.l-param-icpc-mpi-pdt
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TAU CALLPATH

« Enables callpath protfiling

« Record callpath for each event
« Need to set TAU_MAKEFILE to one of those with callpath in their
names

« TAU_CALLPATH_DEPTH
« Level to which callpath is recorded
» Defaultis 2
e Overhead increases with the depth of callpath
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Information

O th er EnVirO nimnm ent Vari ab l e S Technology Services

« TAU_THROTTLE

« Enable event throttling
« Purpose: reduce profiling overhead

o [If a function executes more than STAU THROTTLE NUMCALLS
times and has an inclusive time per call of less than
TAU_THROTTLE_PERCALLS microseconds, then profiling of that
function will be disabled after that threshold is reached

 PROFILEDIR

« Controls where the profile files are written to (the default is
current directory)

« TAU_OPTIONS

» Override the default instrumentation options

X
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Information

N O t C O Ve r e d Technology Services

 Selective profiling

» Tracing

« Database management
« Phase based profiles

e Track memory and IO

o Instrumentation API
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Information

R e fe r e n C e S Technology Services

« TAU documentation

« http://www.cs.uoregon.edu/research/tau/docs.php
« ACTS website for TAU

« http://acts.nersc.gov/tau/index.html
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Information

Debugging Exercise I

 Files and instructions
e http://www.cct.Isu.edu/~lyanl/totalview/Isu.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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