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Potential Errors in Multithreaded Codes (1)

« Data Race Condition

— Two or more threads accessing and updating same memory
location

— Unintended and unsynchronized access to shared variable
resulting in unexpected behavior

Time >
Thread 1 reads (x) Thread 1 modifies (x) Thread 1 writes (x)
Thread 2 reads (x) Thread 1 updates and writes (x)
Thread 3 reads (x)
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Potential Errors in Multithreaded Codes (2)

* Deadlocks
— Threads waiting on a resource that never becomes available

Time R

Lock Wait for

Thread A Resource # Thread A Resource # >
1 2
I S— Lock — Wait for
Thread B Resource # Thread B Resource # >

—— 2 -t 1
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Deadlock Examples

' SOMP

' SOMP

' SOMP

' SOMP

' SOMP

ETH

PARALLEL DEFAULT (SHARED)

CRITICAL

DO I =1, 10
X=X + 1
BARRIER
Y=Y + I*I

END DO

END CRITICAL

END PARALLEL
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#fpragma omp parallel

myid = omp get thread num();

if (myid %2) {
// do some odd work
#fpragma omp barrier
// do more work

}

else {
// do some even work
#fpragma omp barrier
// do more work

CSCS “0‘

Swiss National Supercomputing Centre \\‘



How To Avoid Deadlocks

« Using Barrier in for selected number of threads
* Avoid the lock functions as much as possible

« Avoid nesting of locks
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Potential Errors in Multithreaded Codes (3)

« Livelock
— Infinite loop conditions for certain loops (traditional loop errors)

 Memory issues
— Stack overflows due to replication of private data items
— Memory leaks
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Debugging

What is going on inside
your application ?

A debugger will follow
the program through execution so
you can watch your program execute
step by step and view the contents of
memory :

* Let you examine the program
execution step by step

* Make the program stops on
specified places or on specified
conditions

* Give information about current
variables’ values, the memory and
stack

Swiss Federal Institute of Technology Zurich

Analyse

N

Insert

Breakpoints

[Re]-run
(No recompilation
Is needed )
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Important Debugging Concepts

« Stopping and watching a program execution at a certain
point
— Breakpoints
— Watchpoints

« Stepping and continuing to control program execution
— Single step lines of code
— Single step assembler instructions
— Resume program execution

* Examining the stack
— Backtracing
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Debugging Considerations Unique to OpenMP

« Challenges
— Nondeterministic failures
— Reproducibility and predictability of bugs
— Compiler transformation manifests complex bugs
— Memory analysis for data scoping constructs

« Use multi-threading feature of a debugger to:
— ldentify exactly when the failure occur (thread level)
— Review program execution and memory contents
— Inspect core files after a crash
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Debugging Tools Available on CSCS Platforms

« Two tools available at the moment

— Totalview (for hybrid MPI+OpenMP applications)
« module avail xt-totalview

— gdb
* module avail gdb

* Must compile with the -g compiler flag

» For failures or crashes that occur after long execution times
— Cray Fast Track Debugging (compile with -gFast)—only available for
Cray compilers

— For further info: http://docs.cray.com/books/S-9401-0909//
S-9401-0909.pdf
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Other Tools to Aid Multi-threaded Programming

« Debugging tools
— Allinea DDT (MPI + OpenMP)
— Debugger from different compiler vendors

 Correctness tools

— Intel Inspector
— Rogue Wave ThreadSpotter



Further Info

« Debugging and Performance Analysis Tools available at
CSCS http://www.cscs.ch/145.0.html

« Craydocs http://docs.cray.com/

« Totalview tools (deubugger, memory scape and replay engine)
http://www.totalviewtech.com/home/

« Allinea DDT http://www.allinea.com/products/ddt/

 Acumem ThreadSpotter and SlowSpotter
http://www.acumem.com

« Eclipse Parallel Tools Platform
http://www.eclipse.org/ptp/

 Intel Parallel Inspector
http://software.intel.com/en-us/articles/intel-parallel-inspector/
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Totalview

b TOta|VIeW |S d debugger W|th Support palul: module ln?lad FrgEnv—gznu
for Fortran, C, C++, MPI, OpenMP and |7 21} nefule 1ier

Currently Loaded Modulefiles:

threads. modules/3.2.6.6
nodestat/2.2-1.0301.24557.5 .23 . gem

- TotalView is an interactive tool that lets YS0L/5 0.6t 0501 2559 25 1 .gom
you debug serial, multlprocessor and lustre-cray_gem_s/1.8.2_2.6.27.48_0.12.1_1.0301,
. udregs/2.1-1.0301.2797.5.2.2em
multithreaded programs. It can be ugnis2.1-1.0301.2798.5.2.gem
i i gni-headers/2.1-1.03201.2792.5.1.2em
_executed elther_as a graphlc_al user ann 2 ot 0301 2790 .5 1 o
interface (by using the totalview xpmem/0.1-2.0301.24575.5.2.gem
_exeCUtable) or f_rom a Comm_and'”_ne E;;;Tuptsz‘i.D.E—:L.DED:L.24518.5.1.gem
interface (by using the totalviewcli xtpe-netuark-genini
. . = i B
executable). Totalview provides source- totalview-support/1.1.1
H *t—totalwliewss . 8 03
level debugging of Fortran and Fortran SRS
90, C, and C++ codes. It can be used to xt-mpt/5.1.2
pmls1.0-1_0000.83160.29.2.28m
debug para”el programs based on MPI Jopticrays/xt—asyncpesd .5 /moduleflles xtpe-molz

It also has facilities for multi-process xt-asyncpe/4.5
221 PrgEnv-gnus/3.1.494

thread-based parallel programs such as | pz1u1: §
OpenMP.

TOTALVIEW

TECHNOLOGIES
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Breakpoints

S NONS] N aprun<debug>.0
File Edit “iew Group Process Thread Action Point Debug  Tools  Window Help
> @ & g (%2 3 @ 2~ BE
Group (Caonirol) _"l D Ei . ED 31-\ | i i §» i %g
Go Halt Kill Restart| Mext Step Cut Eun T|:||F're» Un3tep Cal s -
Rank 0: sprun=debug=0 (Stopped) __""'--—-_____
Thread 1 {10268): debugy (Stopped) <Stop Signal= T
Stack Trace ] Stack Frame
__read_nocancel, FE=TEff££EERddD | A | -
_pmii_daemon_barrisr, FP=Tfffffffhell Registers for ths frame: E t
_pmi_preinit, FP=TEffffffhel0 J xecu lon
_ libc_csu_init, FE=TLLfLLLEChes0 Frax: OXILFLLfffffffffe0d (-51Z)
_ libe start_main, FP=TELfffffFcl00 #rdx: 0x0000000c {12)
Tstart, FP=TEFFfffEc11n rox. OxEEEFEFFEEFEEEEEE (-1) oolpars
%Zrhee: 0x00000000 (D)
#rsi: Ox7EffffffhdeD (140737488:
%rdi: 0x00000006 {6)
zrhp: 0x7Effffffbe0D (1407374882
- #rsp: OxFEEfffffhdd8 (1407374887
A o | N D 'I'ﬂ‘J.dl'_lL
Function main in debug.c =]
2 #include <math. h> A
3 #include <stdio. he
4
Set 5 woid main{int args, chac* acgw[])
B
- 7 double sdata[55];
Breakpoint ;o dowle rer ol
L 9 int p, 1, count myid., n;
10 MPI_Status status;
11
1z /* Starts MPI processes ... */
N 13
14 MPI_Tnit{&arge. &argw): £+ starts MPT +7
15 MPI_Comm_rank (MPI_COMM WORLD, Smyid); /* get current process id */
16 MPI_Comm_size (MPI_COMM WORLD, &p); £* get number of processes */
17
- if (myid == 1) {
19 fFor(i=0;1<50;++1) { sdata[i]=(double)i; } -
20 }
At a0 Co-operating
2z MPI_Send{sdata, 50, MFI_DOUGLE, 1, 123, MEI_COMM _WORLD ; =
23 1 else {
24 MPI_Recw(rdata, 55, MPT_DOUELE, 0, HET_&NY TAG, / P rocesses
=

1.~
Action Points ] Th[eads] P-| F+] 1-] Lrl_ /

Iwl

Multi-threading programming _,
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Root window

Hierarchical/ Host name
Linear Toggle
= a (i
File Edit  View YTools  ‘Window Help
= ID/| Rank \{ Host Status Description
& 1 0 ocal= B mismatchLinu=.0 (1 active threads)
-- ] ing@gepid.etnus.cT fhomesbarrykAestsiork_loopLinus (5
-- i intrepid.ethus.cT fhomesbarrykAestsfork_loopLinu=
Rank # -- 7 intrepid.ethus.cT fhomesbarrykAestaffork_loopLinus.2
(if MPI program) @ B intrepid. etnus.cT fhomesbarryktestsfork_loopLinus<1.”
-- 3 intrepid.etnus.cT fhomesbarrykstestsffork_loopLinus :
@ 1 intrepid.etnus.cT fhomesbarrykAestsfork_loopLinus1.”
- intrepid.ethus.cT ShomesbarrykAesteffork_loopLinu=.3
-- intrepid.etnus.cT fhomesbarrykAestsiork_loopLinus.2.7

EI 1 <local= B mismatchLinu=1 (1 active threads)
TotalView 1 <local> B4 in main
Thread ID # H- 14 z <local= B mismatchLinu<.2 (1 active threads)
@15 3 =0y B mismatchlinus<3 (1 active threads)
Expand - Collapse Process Action Point
Toggle Status ID number

Multi-threading programming
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Action points

File Edit View Group Process Thread Action Point Dehug Toals  Window Help

Graup (Coniral) _-"| [> Ei . ED 5’ E\j 9 {f @% % ~§ f @@
o Halt Kill Restart| Mext Step Cut Bun To| Frev UnStep Caller BackTo Live

Rank 0: aprun<debug=0 (Stopped)
Thread 1 (10268): debuy (Stopped) <5top Signal=

Stack Trace Stack Frame
__read nocancel, FR=TEffEfEFhdd0 |5 A |
_pmil_daemorn_harrisr, FP=TEEfffffhe0l Registers for the frame: J Enter
_pmi preinit, Fp=TEffffffhell
_ libc cou_indt, FP-TEEEE££ERLD Hross: Dxfffffffffffffc00 {-512)
_ libe_start_main, FP=TELfffffclO0 %rd: 0x0000000c (12) H
Start, FP=TEEEEEEECILA srex. NxEFFFEFFFEFFEFFEE (1) Opplng
& O s Action Point Properties g
37488 g E
+ Broakgaint - Barier < Evaliate  10:7 Condltlon
S et Exprassion: ;;333;
I (i==27 | fstap w-.-,.i_ll_
= = Function mai & =
Evaluation Point | man ;
10 MPI_Status status;
11
12 /* Starts MPI processes ... */
\ 13
N 14 MPI_Initi&argo, Sorgw).
. 15 MPI_Comm_rank (MPI_GOMM WORLD, s e
) 16 MPI Comm_size (MPI COMM WORLD, v Err TE v B sl
. 17 .
\\\ 18 if (nyid == 1) { Location: JusersMstmTastynebun c#19  Addresses. |
T— for{i=0;1<50;++1) { sdata[i]={ I Enzble action paint Ceneszes | )
EE if (nyid == I~ Plant In share graup
2a MPI Send{sdata, 50, MPL DOUBLE,
23 }oelse ok | Delata Cancel | Hulp |
24 MPI Recw(rdata, 55, MPI DOUELE, r
25 MPT_COMM_WORLD, Sstatimm
26 MPI_Get counti&status, MPI_DOUBLE, &count) ;
27 do_work(rdata, count];
28 1
29 MBI Finalize(); f* let MPT finish wp ... */ i
303
3l do worki{double *rdata, int count) i
= I~
Action F'Uints] Prgcesses] Th[eads] P-| P+ T- T+|
| T debug c#1d  mein+0xG8 H
Multi-threading programming 0
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Examining data

8606

File Edit View Group Process Thread Action Point Debug Tools  Window

N aprun<debug>.1

Help

Group {Controly

ADHB B 53 5 ¢

Go Halt Kill Restart Mext Step Out Run To| FPrev UnStep Caller Backl]

I W

Rank 1: aprun<debug=1 (At Breakpoint 1)

Stack Trace | Stack Frame
main, FP=TEffE££EfbeS0 |4 |Function "main": A |
__libe_start_main,  FP=TEffffffcl00 arge: 0x00000001 (1) |
_start, FP=TEffffffclll argv: 0x7fffffffc128 -
Local warizhbles:
sdata; {double [55])
rdata: {double[55])
p: 0xD0000004 {4)
iz 0x00000032 (50)
count: 0x00000032 (50)
my1id: 0x00000001 (1)
- n: 0x00000000 {0)
- = = — ,‘_ e, FMTIT Cd=danm = J"
Function main in debug.c = &
15 MPI_Comm_rarnk (MPI_COMM_WORLD, Smyid); /* get current process id */ £

ETH
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16 MPI Comm_size (MPI_COMM_WORLD, &p); /* get number of processes */

17

18 if (myid == 1) {

ég for (i=0;1¢50;++1) { sdata[it.fdnuble)i; H

i

B! if (myid == 0) { \\

22 MPI_Send{sdata, 50, MPT DOUELE, 1, 123, MPI_COMM WOELD) ;

23 } else { |

24 MPI_Recv(rdata, 55, MPT_DOUBLE, 0, MPI_ANY TAG,

ac MPI_COMM WORLD, &status);

26 MPI_Get count(&status, MPI_DOUELE, &count) ;
do_work{rdata, count).

28 }

29 MPI Finalize(); /* let MPI finish wp ... */

30 )

31 do_work{double *rdata, int count)

32

33 printf ("This function performs computations with cdata’n™);

34

¥

=] |~
Action Pnlms] Prgcesms] Th[eads] P-| P+ T-| T+
1 debug. c#27 main+0x10a A

Dive in
And
Visualize

8non6

Flle  Edit

View ol

% sdata - main - 3.1
Wndow

Help

B =

EERE S

KLE¥E

EHJI"E'SS ion: | sdzla
slca: | [
Type: | doubl=]55)

Addrase: | 0TS0

Fiiar.

Figld |

Walue

(o]
01l
(]
3]
[14]

R T, B N KR =

T T Y |
o

e, V—

Multi-threading programming
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Viewing data across processes

ETH
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Multi-threading programming
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'6 a e % aprun<debug>.0 1
File Edit “iew Group FProcess Thread Action Foint Debug  Tools  Window Help
E» 3 i W i
Group (Control) _'",I D ii l ED 4 t‘h-’ -i § % § %gl
Go Halt Kill Restart|Mest Step Qut Run To|FPrg ann x| myid - main - 2.1
i Rank 0: aprunzdebug=.0 {4t Breakpoint 2) |
Thread 1 (3197): debug (4t Breakpont 7) | —'° B0 YIew Tools window __ Dep
Stack Trace - 1 4 = | | € >
mair, FR=TEEFEE££C1D |2 || Punction "meind Expression: | myid Address: | OxFifheds
lihe_start _main, FP=TLEfEfEfcdB0 Argo: Slice: Filter-
Tstart, FP=TEffEfEEc400 argv: el ler:
Local warishle Twpe:  int
sdata: =P —
rdata: Process |1Ialue f
b aptun<debugs N 00000000 (1)
C'Z'U-'fd*tt: aprun=debug=.1 (00000001 (1) Lls 2k
| aprunzdebugs.2 (x0000000Z (2) I R T
i Al
- — 4 mombien apun=debug=3 (+000000035 (3)
Function main in debug.c I Expand Al Cirl++
B | Callapse Al Chriy-
T double sdata[ts]; Il
a8 dovhle rdata[SS] H Inciye 21
| int p, 1, count, myid, n; -
10  MPI_Statns status; RECIvE
11 Recive ol A
13 /% Starts MPI processes ... #f — yE— R—
14  MPI Init( farqy /* starts MBI */ Lock AtdmEss
15  MPI Comm ran.El{Iﬂ_'PI EIIIMIE[ WORLD, Zmwid); /* get current process id */ Show fcrose F None Ctrl+0
ﬁ MPI_Gomn_size (PT_CIMRLVORLE, &), /* get mmbar of proceazes */ Compilation Scope -| # Processes Ctil+Shift+L
15 (uyia ol bl Threads  Chil+L
149 for[i= D_‘J:L{EI:I +41) { =sdatali]=(deubleli: « Padding = *
20} _'_'_'_h‘———-—-.__._,_h‘___‘q F Bicah A Hanlines
21 if (mﬁri'j' == 0} { ™ Sxamine Formal -
PP ¥PI_Send(sd=ta, 50, MPI_DOUELE,1, 123, MPT_COMH_WORLO) ; B
23 H else { L) 15
24 ¥PI Fecwirdata, 55, MPI_DOUELE, 0, HPI_ANWY Tad, -
25 MPI_COMM WORLD, &statms);
26 MPI Bet count(&status, MBI DOUELE, Sc[:u:nmtj
a7 do vork{rdata, count) ;
28 b 4 .
B 1.~
Action Puints] F'rgn:esses] Th[eads} P-| Pe| T- T+|
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Memory usage

eon % aprun<debug=>.0
9
File Edt ‘iew Group Process Thread Action Foint Debug  Tools  ‘Window Help
TIEEEE AL
Group (Contral) _{l D EE 3 "‘J'j { 5
Go Halt Kil Restat|hed{© 00 A Memory Debugging
C Rark aprun<debug Eile Edil Wiw fclions Jook  Window  Help
Thread 1 (3191): de Frucess Se1 _ Conmgarsion | Leak Detectinn | Heap Status | Memory Usage | Memony Compars |
Stack Trace eI Ogtions Carilrok
main FP-7EEEEEEFCIAN | | i Foret M Heap [ Tol vM 8- e K|
4 'l - L
_ libc starc main,  FP=TEELEfffodB0  spancieios @ | I
_start, FP=TEEfEEE£490 [T
W aprunsdehug=2 ¢
i aprundebuy=3 3
i+ apeun (31370
FmErss 21 apeun s g0
- — Tt TZOTIGKE  (113%)
Functon main if W ozt WOEZHE (.31
& W Heap 1204 ME  (31.92%)
7 double sdatalss]; ESM 12EkE 003%)
; Stack W SEOOKE  (0.24%)
d fﬁtbée ot ‘nyid, n; Ofoavm | zisine (@057%)
10 MPI_Status status; h |
11 |
12 /* Starts MPI processes ... */ /
13
14 MPI Imit{&argc, &argw);
15 MPI Comm_rank (MPI_COMM WORLD, Smyl
16  MPI_Comm_size (MPI_COMM WORLD, &p);
17 | =r— -
=2p if (myid == 1) { _ B 0
ég } for (i=0;1¢E0:+41) { adakali]=(dou Ge_nerane\-'iew (=] K‘ __‘J/ -
21 if (myid == 0) { i Chat Nigw 1| |Pracess Stack VM [T 1104 i
g% ) Iﬁggs?nd(sdatajﬂ,DIP[_DDUBLE,1, 1 A eraerineng A Process & gy | 2076 SOGSRE 1ondE 12506 o
El-Process 4; aprunadghug=2 1207 16KE_C08 Z2kE 12 (4ndB 1250KA 4z00ke Eﬁ.SUM‘h‘
SE EI—RBCV(E?EE;\J—&ﬁéﬂgwgi‘agﬁ T ! EF-Frocess & arunsnug=3 120716k o eehE s 1250K 9200KS Z3300E
26 ¥PI_Get_court (&status, MPI_DOUELL, “"“:"-—-..___ 7
27 do_work{rdoto, cownk); AT/ |
28 1 L [

-l

Action Pnints] Prgcesses} Th[eads]

2 dehug c#18  nain+lxdd
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View Memory Usage
At Breakpoint
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Memory leaks

eoo X aprun=debug>.0

File Edit “iew Group Process Thread  Action Point Debug  Tools  Window

Help

Group (Control) _",l [> ene

% Memory Debugging

G0 Flle Efn View Achons Tools  Winbow  Help
Procass 3o | L Caonfgurstion | Lesk Detection | Heap Stalus | Memory Usage | Memory Canpare |
Frocass Rai
Stack Tr T CGED
Patallel Job de g (WP gl = .
e L (e [7 Dater! Leaks | Relative o Baseling jJ Leaked Block.  * ﬂ ﬂ ﬂ
—be_start_hain, Wi < run-deoug-0 0 [Ox00B=cE0 - D0BCEAT) 1 07 67FE A
_start, BF sprun=detug=1 1 = ity il ! =
BF spnnsdetug=2 2
Ii apmncdebug>d 3
e aprun (113707 — - P r——— e Tr—————— =i —

B
7 double sdata[E5]; E =
8 dowble rdata[E5]; Hesp Inormation | Backirase/Sourca | Mamory Cortert | |
13 ;-]:E% cha]ﬁlllscglélaﬂéﬁs e rall Totals - Selected Blick (- Rtz Tlocks
11 - I rCategary | Byles | count | & PrapeHy Valua | Caleg 1y | Bgtes | count |
12 /* Starts MPI pra Heap
13 [ #llocated Z0EME 55
14 MPI_Init(S=mcqe, & CIFIteret 0 1]
15 MPI Comm_rank (MPT
1ol MPI Comm_size (MEI B (A Guard Blacks larz 1o
17 ] ] EFost-guard i i

== if (myid == 1) { EPTe-gUa RN 73R a5
19 for[i=0;1i<50;++1 ] I - [ Laakad i 1 :
20 } ] TR =T — 16 1
21 if (myid == 0} { : CiFilleres
o MPI Send{sdaoba,§ —Oenews View [ B Corupted Guard Hlacks D n -
Si i I?[]P?ER{ (cdat = Graphical Yiew ! BFoslk-guard 0 n

_Recwirdata, - EFre-guard ] o
£g MPT_paf | | Enale s g - DDeallncated 155KE Ad
26 I{PI_Get_(count(& OF Meren 0 0
27 do_work{rdata, - Brillers 1556K8 N \
- Fenarate View . B0 -
g 1 | J \‘
A N
Action Points] Prgcgssesl Tl I

2 debug. c#lf nadineOmdd

View Memory Leaks
At Breakpoint
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Demo : Totalview

Multi-threading programming ‘
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Getting started (1

bin/bash 60x38
affinity

mpi

11 running_on
( g) :: nid
coreid
rc 0, rank 0, numtask 0, corespercn 24
threadid ©, nthreads ©

r

MPI INIT ( rc )
MPI COMM RANK ( MPI COMM WORLD, rank, rc )

MPI COMM SIZE ( MPI_COMM WORLD, numtask, rc )

print nodeaffinity(nid)
coreid running on()

print , @&
“"rank=",rank,"/",numtask, &
" cnid=",trim(nid(1:8)), &
" threadid=",threadid ,"/",nthreads, &
" core=", coreid

MPI_FINALIZE ( rc )

affinity
ETH "aff3.F90" 37 lines --2%-- 1,1 All

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich
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Getting started (2)

palul: ls
Makeflle
paluls make FFLAGS="-g -fopenmp -D_MPI"
cc —g —fopenmp -0_MFI -c runningon.c
ftn -g -fopenmp -D_MFI -c affz.Fs0
ftn -g -fopenmp -D_MFI -0 exe runningon.o affzZ.o
fusr/lib/ .. /1ib64/1ibpthread.alsen_open.o): In function sem_open':
/usr/sro/packages/BUILD/glibc-2.9/nptl/sem_open.c:330: warning: the use of mktemp' is dangerous, better use mkstemp'
palul:
palul:
palul: salloc -NZ
salloc: Granted job allocation 2959
palul: squeue -u $USER

JOBID USER ACCOUNT NAME PARTITION ST EXEC_HOST REASOM START_TIME TIME TIME_LEFT NODES PRIORITY
2959 pileccinal cestaff bash day R palul Hone 2011-02-09T09:58 0:08 59:5Z2 Z Z
palul:

paluls export OMP_MUM_THREADS=Z ; aprun -nZ -N1 -dz4 exe

rank= 0/ 2 cnld=n1d00003 threadids= 1/ Z cores 1

rank= 0/ 2 cnld=n1d00003 threadids= 0/ Z cores 0

rank= 1/ 2 cnld=n1d00004 threadids= 0/ Z cores 0

rank= 1/ 2 cnld=n1d00004 threadids= 1/ Z cores 1

daone

daone

Application 108245 resources: utime "0z, stime "0s

paluls exit

exlt

salloc: Kelinguishing job allocation 2959
galloc: Job allocatlon 2959 has been revoked.

palul: I
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paluls salloc -N2
zalloct Granted job allocation 2960

paluli export OMP_NUM_THREADS=2 ; totalview aprun —a -n2 -N1 -d24 exe
Linux =86_64 TotalView §,3.0-1 I
Copyright 2007-2010 by TotalVWiew Techrnologies, LLC, ALL RIGHTS RESERVED.

Copyright 1933-2007 by Etnus, LLE. File Edit Yiew Tools Window Help
Copyright 1999 by Etnus, Inc., — — — = — —

Copyright 1996-1998 by Dolphin Interconnect Solutions, Inc, =| ID/| Rank | Host |Status)| Description

Copyright 1989-1996 by BEN Inc,

TotalView Technologies ReplayEngine e 1 <local> - aprun {0 active threads:
Copyright 2010 TotalView Technologies

ReplayEngine uses the UndoDE Reverse Execution Engine I

EDDHPlght 2005-2010 Undo Limited File Edit View Group FProcess Thread Action Folnt Debog Tools Window Help |
Reading suynbols for process 1, esecuting "sprun” - 5 = - = =
Library fusr/bindaprun, with 2 asects, was linked at 0x00400 5 0un (Control) 5 > B W g 3 & b ! . | &

1 QuF 0000090000000 Go Halt Kill Restart|MNext Step ODut Rum To|GoBack Prew UnStep Caller BackTo Live

Mapping 259131 hytes of ELF string data from 'fusrbindaprun Frocess 1 (0): aprun (Exited or Newer Created)
Indexing 26300 bytes of DWARF ',debug frame' symbols from ' EES f Mo current thread =
Indexing 28044 bytes of DWARF ',eh_frame' symbols from ' fusr Stack Trace - Stack Frame

Skimming 131212 butes of DWARF '.debug_info' symbols from ',|Ho current thread - [|Ho current thread A
Library @zyscall_libraryg@-g4, with 1 asects, was linked at o
ially loaded at OwfFO00000S00S0500

INFO: Using previously cached local copy of library "@syscal
Mapping 82 bytez of ELF string data from 'Gsyscall librargd-
Indexing 192 bytes of DUARF '.eh _frame' symbols from 'Gsyscs
Library flibed/libdl,=0.2, with 2 azects, was linked at Ol

il

o at OxfF0000003003e 100 i _,_’_
Mapping 459 butes of ELF string data from 'flibed/likbdl,so,l Function main in aprun.c ERS
II"ICIEH]I.I"IE B20 thES of DWARF I+E|"I_'|:\r"EII'|'IEI ngbuls from I‘.-"_.|._'i.l::IEl£ Parallel program has not yet been started, A

Library flibed/libpthread,so,0, with 2 asects, was linked ai
loaded at OxfFOO0000I0020500

Mapping 14508 bytes of ELF string data from '/lib6d/libpthre
Indexing 12804 buytes of DWARF ',eh_frame' sumbols from 'FLik
Library flibed/libc,=0,6, with 2 ssects, was linked at Om00(

Hat Qxffgggggogﬂgbaaog FLF strine data § /1ib6d/1ip Root Lists process and thread
anping utes o string data from i ibc,=0) G 7 g
Indexing 126700 bytes of DUARF '.eh_frame' symbols from 'FL: il niforiz e

Library /1ibedf1d-1inus-+86-64,50,2, with 2 asects, was link Process Disp]ays stack trace, stack

ally loaded at OufFOOO000I007 200

Mapping 330 butes of ELF string data from '/1ib6d/ld-linus- window fre}m‘t” grzﬂ il code for the
Indexing 6072 bytes of DUARF '.eh_frame' symbols from '/libé selected thread i a process
e Process Displays process groups for
group multiprocess programs _
- window S — =
Action Points | Processes | Threads | Variable Displays address, data type, and —Iﬂlllﬂ_
window value of local variable, register,
1 or global variable
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Launching Totalview (2)

File Edit Wiew Group FProcess

Thread pAction FPoint Debuz Tools Window

Group (Controll

> 8 @

Go Halt K111 FRestart

HE> 5 <3 3

He=t Step Out Rum To

L Thread 1 (1405e9984752912) (Runming)

Frocess 1 (15100) : aprun (Runnin

Stack Trace

Stack Frame

Thread i= running _"n Thread must be stopped for frame display. A |
2 ) |
Unknown =~ I~
Thread i= running A |
_— .
Question (on palu1l)
Frocess aprun 1= a3 parallel job.
Do you want to stop the Job now?
Tes Ho
7
-1 1=
Bction PDintS] Phgpessesl Thzeads] F—| P+] 7] T+]
A
A

ETH
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Inserting Breakpoints

File Edit Miew Group Process Thread Action Foint Debuz Tools Window Help

Grqjup (Control) _-l'r. E) ii M ib S t:‘»j 3 ? S %’§ % % R 2
Go Halt Kill Restart|Mext Steg Out Fun To|GoEBack Frew UnsStep Caller BEacklo Live
Eank 0: aprun<exe>.0 (At Breakpoint 1)

A, Thre=c 4 (56443 : exe (At Breakpoint 1)

Stack Trace Jor| Stack Frame
MAIM__ .omp_fn.0. = [|Function "MAIM__ .omp_frh.0": A
affinity. Local variables: J
mair . rid: n
__libc_start_main- coreid: 0 SO0
_=tart . threadid: 0 OO0
Regi=zters for the frame:
Hrax: OwO0000002 (2}
Hrcher Ond0894b20 (8997664)
— Hrow: Oud0dc)2Fe (49813743
f T P e e d Tl R R R Fi JL
Function MAIMN__ .omp_+n.0 i —"°7% =22 : : ==lce—l
1a inteser :: coreid File Edit Wiew Tools Window Help
19 integer :: rc=0. rank=0. nuntaszk=0. corespercn=2d — . =
20 integer:: threadid=0. nthreads=0 El ID/ | Rank | Host | Status | Descriptlon
21
22 #ifdef _MPI - 1 <local> R aprun (1 active threads?
23 call MPI_IMIT ¢ o . .
=r call HPI_CDMM_E?!NK { MPI_COMM_HORLD,. rank. tc @ EI 2 0 A ig0o003 S3PRTLIN LENE R +|:| {3 active threads?:
25 call MPI_COMM_SIZE ¢ MPI_COMM_WORLD. rumtask. ro 2 o 24 0 nid0000z in MAaIM amp_fr,0
26 #endif - *
27 2.2 0 rid00003 T in __ioctl
280 l#omp parallel privateithreadid.coreid.nid? . .
290 1+ threadid = omp_get_thread_num 2.3 0 nid0o003 T in MAIM__ ,omp_fr.,0
300 1 rthreads = omp_get_num_thread=1{2 =9 . .
21001 COrEspErCH = Omp_set_rian_procs () = 3 1 ridOooog apruniexer,.l {3 active threads:
32011 MAXT = OMP_GET_MAX_THREADS{ » 3.1 i
20 TNPAR = DMP. TN PARALLEL €3 2.2 1 nid0000d in MAIN__.omp_fr.0
3d 0 1 DYHAMIC = OMP_GET_DYHAMIC S > - | R in __ioctl
35011 HESTED = OMP_GET_MESTEDY »
26 - 3.3 1 nidoooodg T in MAIM__.omp_fr,0
== call print_rnodeatt inityinid?
3801 call print_coreaffinity{coreid?
29 coreid = running_onil J
d0 - | barrier £
= 1=
Action PDiﬁtS] PPE;ESSES] Thgeadsl P—| P+]| T—| T+Fr_
2,1 514y Bl in MAIM__ ,omp_fh,0 A |
2.2 BeE9 T in __ioctl
2,3 BEE0r T in MAIM__ ,omp_fr,0
£
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Viewing data across processes and threads

File Edit Miew Group Frocess Thread Action Foint Debug Tools Window Help

Group (Control) _-"l [> ii ib 3 ‘:E" Q ? ‘ Qw% %& % ef
Go Halt Kill Restart|Mext Step Out Run To|GoEack FPrew UnStep Caller BackTo Live

s Rank 0 aprundexe? .0 (At Breakpolnt Z2) oo

Thread 1 (5732): exe (At Breakpoint 25 |00

Stack Trace | Stack Frame
affinity, 4 ||Function "affinity": Al
main, Mo arguments, i
__libc_start_main. Local variables:
_start, coreid: 0 {0 00000000 )
nidsz "
nthreads: 2 {0R00000002 )
nuntask 2 (0x00000002)
rank : 0 (0x00000000) : : : :
el 0 (0400000000} File Edit View Tools Window Help
threadid: 0 {0 00000000 ) — — — — — —
= | Modules: =] -=| ] ]
i 6.1 5] S | PR | e
Function affinity in affZ.F90 i
20 1s nthreads = ompget_mun_threads () Expression: | rank Address:  0x007h1e94
21011 COTESpErch = omp_get_numn_procs( ) - . - .
321 MAXT = OMP_GET_MAX_THREADS () Slice: Filter:
23011 IMPARE = OMP_IM_PARALLEL ¢ . .
34 1 IYNAMIC = OMP_GET_DYNAMIC () Type: | integer(kind=4)
R MESTED = OMP_GET_MESTEDC: =
36 i
27 call print_nodeaffinityinid? Process |Il'llalue
28| call print_coreaffinityicoreid: . [
29 coreid = running_ond) 2L = -
4 | barrier
Al orint x, & aprun<exer, 1 1 {0=000000071 )
42 "rank:",r\‘_:r\l-e A amt Ak .
a3 " enid=".t Dive | ||
44 " threadic
[ 45 " core=". Add to Expression List - . - .
46 I$omp end paralls. F File Edit Wiew Tools Window Help ‘
47 | #ifdsf _MPI Across FProcesses i = i i i : — :
gg #endtiall HPLFIY Across Threads :[E‘j‘ = | = '54'} ﬁ; %@ ‘@ % %
print *,"de" Set Breakpoint Expression: |threadid Address: Ox007b1eSc
52 end program i . .
< SiE BEIRER Slice: Filter:
Create Watchpoint = - ——
Action Points | Proc - P- Type: integer(kind=4)
rakle =
ENTEE .
Dizable Thread |"."alue |
Delete B,1 (57323 0 Q0000000
Properties £,2 (5778 0§ Q0000 3
]|
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Restarting and exiting Totalview

The TotalVWiew Debugger Serwver has died
paluls export OFP_HUM_THREADS=Z ; totalview aprun -a -n2 -H1 -dZ4 exe

Linu= =86_Ad TotalView 8,5,0-1

Copyright 2007-2010 by TotalView Techrologies, LLC, ALL RIGHTS RESERVED,

Copyright 1899-2007 by Etnus, LLC.

Copuright 1999 by Etrus, Inc.

Copyright 1895-1998 by Dolphin Interconnect Solutions, Inc,

Copyright 1823-1996 by BEN Inc,

TotalView Technologies ReplagyEngine

Copuright 2010 TotalVWiew Techhnologies

FeplayEnzine uses the UndoDE Reverse Execution Engine

Copyright 2005-2010 Undo Limited

Reading symbaols for process 1, executing "aprun"

Library fusrfbinfaprun, with 2 asects, was linked at 0=00400000, and initially loaded at Ouf FOOO0O0S00C000

Mapping 25131 butes of ELF string data from 'Susrbindsprun' ., . done

Indexing 262800 bytes of DWARF '.debug_frame' symbols from 'Susesbindaprun', ., done

Indexing 28044 bytes of DWARF '.eh_frame' symbols from 'fuse/bindaprun' ., done

Skimming 181212 bytes of DWARF ' ,debug_info' symbols from 'Suseshindaprun' . . done

Likrary Gzyscall librargd-54, with 1 asects, wasz linked at O«ffFfffFFfF700000, and initislly loaded at 0=
INFO: Using previously cached local copy of library "@syscall librarg@-64"

Mapping 82 buytes of ELF string data from '@syscall_library@-64 ', ., . done

Indexing 192 bytes of DUARRF '.eh_frame' symbols from 'Gsyscall_librarg@-64 ', . .done

Library flibed/1ikbdl . =0.2, with 2 asects, was linked at 000000000, and initially loaded st OxfFO00000300

Mapping 459 hytes of ELF string data from 'flibed4/1ibdl,.=so,2', . .done

Indexing 620 bytes of DUARF '.eh_frame' symbols from 'flibedfslibdl,=o,2'. . .done

Library /flibfe4/libpthread.=so0.0, with 2 asects, was linked at O«O0000000, and initially loaded at OuffO000

Mapping 14508 butes of ELF string data from 'Jlibed/slibpthread.so,0', ., .done

Indexing 12804 bytes of DWARF '.eb_frame' symbols from '/ libe4/libpthread.so,0' ., . .done

Library flibR4/slibc,=o0,6, with 2 asects, was linked at Q=O00000000, and initially loaded st O=FFO00000S000

Mapping 21676 bytes of ELF string data from 'SlibbR4/libc.so.6'. . .done

Indexing 126700 hytes of DWARF '.eh_frame' symbaols from 'Slibedlibc.so.6' ., . .done

Library flikbG4ds ld-linu<-=86-8d,=0.2, with 2 asects, was linked at 0=00000000, and initially loaded at Owef

Mapping 380 hytes of ELF string data from 'Slibc4/1d-linus-=86-64 ,=0,2', ., .done

Indexing BO7Z bytes of DUARF '.eh_frame' sumbols from 'Alibed/1d-1linus-=86-64,.=50.2' ., ., . done

Library Alikfd/1libnss_files,=0.2, with 2 azect=s, was linked at O=00000000, and initially loaded at OxfFO0

Mapping 2007 bytes of ELF =tring data from 'flibedslibnss_files.,=zo,2'. . .done

Indexing 3260 bytes of DWARF ',eh_frame' symbols from 'flibed/libnss files,so,2'. . .done

Launching TotalView Debugger Servers with command:

svrlaunch Jopt/toolworks/totalview.8.8.0a8/linus-=86-04 /hin/tvdsyrmain  '-verbosity info ' 172.26.0.31
INFO: Using previously cached local copy of library "/dslfvar/spoolfalps/, 108253 axe”

Library fd=l/varfspoolfalps/ 1082535 /exe, with 2 asects, was linked at 0=00400000, and initially loaded at

Mapping 132443 bytes of ELF string data from 'fdsl/var/spoolfalps/108253/exe’ . | .done

Indexing 79272 bytes of DWARF '.debug_frame' symbols fraom 'fdslfvar/spool/falps/1082535 exe ' . . .done
Indexing 115132 hytes of DWARF '.sh_frame' symbols from 'fdslivar/spoolfalps 1058253 exe ', ., cdone

Skimming 1R46259 bytes of DWARF ',debug info' symbols from 'Ad=1 vardspool/alps/ 10825835 exe ', , done

Reading symbols for process 2, executing ", fexe"

Reading symbols for process 3, executing . fexe"

0 2

Application 108251 resources: utime “Os, stime 0= I

rank= £ chic=nid0O003 threadid= [V 2 core= 0
rank= 0/ 2 cnid=nid0o0o3 threadid= 1/ 2 core= 1
rank= 1/ 2 cnid=Enid0o0od threadid= [V 2 core= 0
rank= 1/ 2 cnid=nid00004 threadid= 1/ 2 core= 1
dorne
dorne

Application 108253 resources: utime ™0s, stime ™0=
palul: exit

exit

zalloc: Relinguishing Jjokb allocation 2960

=zalloc: Job allocation 2960 has been rewvoked,
palul: B
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Frequently used GDB commands

General Commands Breakpoint commands
_ : : , b[reak] [<where>] : sets breakpoints. <where>
- help [name] : Show information can be a function name, a line number or a hex
about GDB command address
. Tun [<args>] - runs selected . El\évaalich <expr> : sets a watchpoint, which will
program with arguments <args> . Wwhen <expr> is written to [or read]
. attach <pid> : attach gdb to a . info break[points] : prints out a listing of all
running process breakpoints

: ) . . dlelete] [<nums>] : deletes breakpoints
« Kill : kills the process being

debugged
« Quit : quits the gdb program

Commands for looking around

Stepping and Continuing . list [<where>] : prints out source code at <where>
R c[ontinue] - continue execution ., backtrace [<n>] . prints a backtrace <n> levels
(after a stop) deep | |
. info [<what>] : prints out info on <what>
- s[tep] : step one line, entering . p[rint] [<expr>] : prints out <expr>
called functions . d[isplay] : prints value of expression each time the

program stops,

. n[ext] : step one line, without
entering functions

Pow

GNU

Swiss National Supercomputing Centre
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Demo : GDB
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Gettlng started

7 bin/bash 139x35 B /bin/bash 51x41
palu2: module load PrgEnv-gnu =
palu2: module load gdb
paluZ: module list
[Currently Loaded Modulefiles:
1) modules/3.2.6.6
2) nodestat/2.2-1.0301.24557.5.3.qem
3) sdb/1.0-1.0301.24568.5.18.qem
4) MyS0L/5.0.64-1.0361.2899.26.1.gen
5) lustre-cray gem s/1.8.2 2.6.27.48 0.12.1 1.0301.5636.4.1-1.0301.24584.3.22
6) udreg/2.1-1.0301.2797.5.2.qem
7) ugni/2.1-1.0301.2798.5.2.gem coreid - rumning on()
8) gni-headers/2.1-1.6361.2792.5.1.gem
9) dmapp/2.2-1.0361.2791.5.1.gem print , § .
16) xpmem/0.1-2.0301.24575.5.2.gem .c=~-,rank numtask, &
11) slurm ' trlm{nldi 8, &
12} Base-0pts/1.0.2-1.0301.24518.5.1.gen AR S o et
13) xtpe-network-gemini
14) gec/4.5.1 # fied
15) totalview-support/1.1.1 11 MPL FINALIZE { rc )
15} :
17)
18)
19)
20)
)

L1 print_nodeaffinity(nid)

core=", cnre1d

xt-totalview/d.8.0a .
xt-1ibsci/10.4.9 print -, "done
xt-mpt/5.1.2
pmi/1.0-1.06000.8160.39.2.gen
Jopt/cray/xt-asyncpe/4.5/modulefiles/xtpe-mcl2
xt-asyncpe/d.5
22} PrgEnv-gnu/3.1.49A
23) gdb/7.2
palu2: make clean ; make FFLAGS="-g -fopenmp" ; mv exe omp
rm -f exe *.0 *.mod
cc -g -fopenmp -c runningon.c
ftn -q -fopenmp -c aff2.F90
ftn -g -fopenmp -0 exe runningon.o affl.o
fusr/1ib/../1ib64/libpthread.a(sem open.o): In function 'sem open’
Jusr/src/packages/BUILD/qlibc-2.9/npt1/sem open.c:330: warning: the use of ‘mktemp' is dangerous, better use ‘mkstemp'
palu2:

affinity

2.1 Bot
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Launching GDB

bin/bash 105x51

palu2: sallec -N1
salloc: Granted job allocation 2982

palu2: export OMP_NUM_THREADS=24 ; aprun -nl -d24 ./omp —
rank= cnid=nid@oeez threadid= 24 core=

rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nideean2 threadid= core=
rank= cnid=nid@aae2 threadid= core=
done
Application 108315 resources: utime ~Bs, stime ~B8s

palu2: export OMP_NUM_THREADS=3 ; aprun -nl -d24 gdb ./omp
Could not find platform independent libraries =prefix=
Could not find platform dependent libraries <exec_prefix=
Consider setting SPYTHONHOME to =prefix=[:<exec prefix=]
'import site' failed; use -v for traceback
Traceback (most recent call last):

File "<string=", line 32, in ?

Mo module named os.path

GNU gdb (GDB)} 7.2
Copyright (C) 2018 Free Software Foundation, Inc.
License GPLw3+: GMU GPL wversion 3 or later <http://gnu.org/licenses/gpl.html=>
This is free software: you are free to change and redistribute it.
There is N0 WARRANTY, to the extent permitted by law. Type "show copying"
and "show warranty" for details.
This GDB was configured as "x86 64-unknown-Llinux-gnu".
For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/=>. ..
Reading symbols from Jusers/piccinal /AFF/palu/GNU/omp...done.
{gdb)

fud

=
T T Ty Ty Ty T Ty T T Ty TR Ty T Ty T T Ty T Ty Ty Ty ey Ty ey

[

-
LN oo el =] s 00
-
= TR Y. S -

e o o o e i o o s e
T T e T e e T g T e e T g T e T T e e e
e o o o e i o o s e

|
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Inserting Breakpoints

bin/bash 96x31 /bin/bash 50x36
palu2: export OMP NUM THREADS=3 ; aprun -nl -d24 gdb ./omp
Could not find platform independent libraries <prefix
Could not find platform dependent libraries <exec prefixs
Consider setting $PYTHONHOME to <prefix>[:<exec prefix=]
'import site' failed; use -v for traceback
Traceback (most recent call last):
File "estring=", line 32, in ?
ImportError: No module named os.path print_nodeaffinity(nid)
GNU gqdb (GDB) 7.2
Copyright (C) 2010 Free Software Foundation, Inc.
License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>

coreid - running onf)

print , f&

This is free software: you are free to change and redistribute it. Fa -;,rank, numtask, E
There 1s NO WARRANTY, to the extent permitted by law. Type "show copying" cnid=",trim{nid(1:8)}, &
and "show warranty" for details. threadid=",threadid ,"/",nthreads, &

This GDB was configured as "x86 64-unknown-linux-gnu". core=", coreld

For bug reporting instructions, please see:

<http://www.gnu.org/software/qdb/bugs/>. .. MPI FINALIZE ( rc |
Reading symbols from /users/piccinal/AFF/palu/GNU/omp. . .done, B

(gdb) break 34 print ~,"done
Breakpoint 1 at 0x4804c6: file aff2.F90, line 34.

(gdb) break 45 affinity
Breakpoint 2 at 0x4003de: file aff2.F90, line 45.

(gdb) info break

Num Type Disp Enb Address What

1 breakpoint keep y  0x00000000004004c6 1n MAIN .omp fn.® at aff2.F90:34

2 breakpoint keep y  0x00000AOBO04003de in affinity at aff2.Fom:45

(gdb)

Multi-threading programming
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bin/bash 96x31
(gdb) help run
Start debugged program. You may specify arguments to give it.
Args may include "*", or "[...]"; they are expanded using "sh".
Input and output rEdlrE{tlDﬂ wlth "»", <" or "»»" are also allowed.
With no arguments, uses arguments last specified (with "run" or "set args").
To cancel previous arguments and run with no arguments,
use "set args" without arguments.
(gdb) run
Starting program: /users/piccinal/AFF/palu/GNU/omp
[Thread debugging using libthread db enabled]
[New Thread 8x2aaaaacac950 (LWP 13736)]
[New Thread 0x2aaaaaeadds0 (LWP 13737)]

Breakpoint 1, MAIN .omp fn.® (.omp data i=0x0) at aff2.F90:34
34 coreid = running on()
(gdb) info thread
3 Thread 0x2aaaaaeadd50 (LWP 13737) MAIN .omp fn.0 (.omp data i=0x8) at aff2.F9@:34
2 Thread Ox2aaaaacac950 (LWP 13736) MAIN .omp fn.0 (.omp data i=0x0) at aff2.Fo0:34
* 1 Thread 0x6d38c@ (LWP 13733) MAIN .omp fn.0 (.omp data i=0x0) at aff2.F98:34
(gdb) print threadid
51=10
(gdb) list
coreid = running on()
I barrier
print *, &
"rank=",rank,"/",numtask, &
" ¢cnid=",trim(nid(1:8}), &
" threadid=",threadid ,"/",nthreads, &
" core=", coreld
ISomp end parallel
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/bin/bash 50x36

print nodeaffinity(nid)
coreid - running oni)
print , &
,rank,"” /", numtask, &
,trim{nid{1:8)), &
threadid ,"/",nthreads, §
, coreid
MPI FINALIZE { rc )
print ,

affinity
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Viewing data across threads 2

bin/bash 96x31 /bin/bash 50x36
(gdb) info thread

3 Thread 0x23aaaaead950 (LWP 13737) MAIN .omp n.0 (.omp data 1=0x8) at aff2.F90:34

2 Thread Ox2aaaaacac950 (LWP 13736) MAIN .omp fn.d (.omp data i=0x@) at aff2.F98:34
* 1 Thread 0x6d38cO (LWP 13733) MAIN .omp fn.0 (.omp data i=0x0) at aff2.F9@:34
(gdb) thread 2
[Switching to thread 2 (Thread 0x2aaaaacac950 (LWP 13736))]1#0 MAIN .omp fn.0 (.omp data 1=0x0)

at aff2.F9e:34
34 {Dreid = runninq_ﬂn{} print HDdEEffil’lit}"l:l'lid]
(gdb) info thread

3 Thread 0x23aaaaead950 (LWP 13737) MAIN .omp n.0 (.omp data 1=0x8) at aff2.F90:34
* 2 Thread Ox23aaaacacd50 (LWP 13736) MAIN .omp fn.0 (.omp data i=0x@) at aff2.F98:34 orint *, |}

1 Thread Bx6d38cd (LWP 13733) MAIN .omp fn.0 (.omp data i=0x0) at aff2.F90:34 rank,” /", numtask, i
(gdb) print threadid ,trim(nid(1:8)}, 1
82 =1 ,threadid ,"/",nthreads, &
(gdb) thread 3 » coreld
[Switching to thread 3 (Thread 0x2aaaaaeadds® (LWP 13737))1#0 MAIN .omp fn.0 (.omp data i=0x0)

at aff2.Fo8:34 . MPI FINALIZE ( rc )
34 coreid = running on()
(gdb) print threadid print -,
$3 =2
(gdb) help cont affinity
Continue program being debugged, after signal or breakpoint.
If proceeding from breakpoint, a number N may be used as an arqument,
which means to set the ignore count of that breakpoint to N - 1 (so that
the breakpoint won't break until the Nth time it is reached).

coreid - running on{)

If non-stop mode is enabled, continue only the current thread,
otherwise all the threads in the program are continued. To
continue all stopped threads in non-stop mode, use the -a option.
Specifying -a and an ignore count simultaneously is an error.
(gdb)

Multi-threading programming
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Restarting and exiting GDB

bin/bash 96x31 /bin/bash 50x36
at aff2.F9e:34
34 coreid = running on()
(gdb) print threadid
$3 =2
(gdb) help cont
Continue program being debugged, after signal or breakpoint.
If proceeding from breakpoint, a number N may be used as an argument,
which means to set the ignore count of that breakpoint to N - 1 (so that print_nodeaffinity(nid)

the breakpoint won't break until the Nth time it is reached). :
coreid - running onf)

If non-stop mode 1s enabled, continue only the current thread, orint , i

otherwise all the threads in the program are continued. To rank=", rank,"/" , numtask, i
continue all stopped threads in non-stop mode, use the -a option. cnid=",trim(nid(1:8)), &
Specifying -a and an ignore count simultaneously is an error. threadid=", threadid ,"/",nthreads, §
(gdb) cont core=", coreid

Continuing.
[Switching to Thread 0x2aaaaaead950 (LWP 13737)] MPI FINALIZE { rc )

Breakpoint 1, MAIN .omp fn.0 (.omp data i=0x@8) at aff2.F90:34 print ,"done

34 coreid = running on()

(gdb) quit affinity
A debugging session is active.

Inferior 1 [process 13733] will be killed.

Quit anyway? (y or n) [answered Y; input not from terminal]
Application 188323 resources; utime ~1s, stime ~Os
paluZ: exit
salloc: Relinquishing job allocation 2982
salloc: Job allocation 2982 has been revoked.
palu2:

Multi-threading programming
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 Questions ?
* Hands-on exercises

* Thank you for your attention
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Hands-on exercise1

Data race condition

* Adata race occurs under the following The object of this exercise is to determine

conditions: whether it's safe to parallelise every DO loop|
« 2 or more threads in a process that you see. Follow these steps :
Iconc:_urrently access the same memory - copy loopy.f90 to your directory.
ocation,
« At least one of the threads is accessing * compile the code sequentially (that is with no
the memory location for writing, and r-:;EIetnmp flag) and determine the correct
 The threads are not using any exclusive _
locks to control their accesses to that * parallelise every loop and run the program on
memory. 2, 6, 12 and 24 threads (you can do this
interactively) and compare these results with
 When these three conditions hold, the order those from above.

of accesses is non-deterministic. Therefore
each run can give different results depending  What's wrong ?
on the order of the accesses. Some data

races may be harmless (for example, when * Rewrite your parallelised code to give the
the memory access is used for a busy-wait), correct results irrespective of the number of
but many data races are either bugs or threads used.

caused by bugs in the program.
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Hands-on exerciseZ
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Segmentation faults

Default thread stack size can be easy to
exhaust. OpenMP thread stack size is an
implementation dependent resource. In this
case, the array is too large to fit into the
thread stack space and causes the
segmentation fault.

The OpenMP standard does not specify how
much stack space a thread should have.
Consequently, implementations will differ in
the default thread stack size.

Default thread stack size can also be non-
portable between compilers. Threads that
exceed their stack allocation may or may not
seg fault. An application may continue to run
while data is being corrupted.

OMP_STACKSIZE (OMP/3.0) : controls the
size of the stack for (non-master) threads.

Set the default thread stack size (in kilobytes
by default) or B, K, M or G (bytes, kilobytes,
megabytes or gigabytes).

The object of this exercise is to use the
debuggers to find the origin of the
segmentation fault. Follow these steps :

copy crash.f to your directory.
module load PrgEnv-gnu gdb

compile (with '-g -fopenmp' flag) and run the
code with any number of threads.

What's wrong ?

Multi-threading programming
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Hands-on exerciseZ

Process 2: aprun<memoryscapex=.0

B Text: 188169 KB (0.03%)
B gt 14523 KB (0.00%)
W Hezp: 308524 MB  (49.53%)
O Stack: 1677 MB  (0.27%) —
B Stack Wi: 1678 MB  (0.27%)
!

OTotal vk: 3108.05 MB  (459.80%

If OMP_STACKSIZE is not set, the initial
value of the stacksize-var internal
control variable is set to the default
value.

MemoryScape only shows information
for the main thread’s stack.

Process 2: aprun<memoryscape:.0

B Text: 188169 KB (0.03%)
WDt 14528 KB (0.00%)
W Heap: 3089.10 MB (49, BD%j
O Stack: 8IOMB  (0.13%) < m—
B Stack VM: 1678 MB  (0.27%)
O Total Wi, 311191 MB (49.97%)
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Hands-on exercise3

Deadlock

» Deadlock describes a condition where two or more Din/bash 36x11

threads are blocked (hang) forever, waiting for each
other. Suppose we have a process with two or
more threads. A deadlock occurs when the
following three conditions hold :

>  Threads already holding locks request new locks,
>  The requests are made concurrently, and

> Two or more threads form a circular chain where <9L, 169C written 1,1
each thread waits for a lock that the next thread in
the chain holds.

. . bin/bash 37x14
* Here is an example of a deadlock condition:

myid = omp get thread num()};
> Thread 1: holds lock A, requests lock B (myid %2) {

> Thread 2: holds lock B, requests lock A

A deadlock can be of two types: A "potential deadlock"
or an "actual deadlock". A potential deadlock is a
deadlock that did not occur in a given run, but can occur
in different runs of the program depending on the
timings of the requests for locks by the threads. An
actual deadlock is one that actually occured in a given
run of the program. An actual deadlock causes the
threads involved to hang, but may or may not cause the

E,_'Whole process to hang. Multi-threading programming
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Process 1 (25994): aprun

B Text: 7.33 MB
MData: 167.91 KB
W Heap: 7.79 MB
Ostack: 18.30 KB
B Stack YM: 97 .00 KB
OTotal YM: 14.87 MB

(11.82%
(0.83%
(11.42%
(0.09%
(0.46%
(75.38%

)
)
)
)
]I
)

—@sgscall llbrarg@ 64

—aprun 434,
—1ld-linux-x8b6-64.20.2 117,
—1libc.=s0.b 1339,
—1libdl.s0.2 7.
—lihgoco_s.s0.1 a1,
—libnss_files.so.Z 40,
—libpthread.so.0 i
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