:-%/.’ grnet
hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

TEXVIKEG HETAYAWTTIONG - ATTOO

Nikog NIKOAOUTOGKOG

EAET

nikoloutsa [at] grnet.gr

http://doc.aris.grnet.gr/development/

EkmraideuTiké Zepivapio ARIS Lt =00 Abnva, 14-16 Zem. 2015
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8 grnet Mepiexdueva

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

0 Texvikég MeTayAwTTiIoNG
@ [lpoypauuaTioTiko MepiB&Alov
@ MeTayAWTTIOTEG
@ MetayAwTTion
@ EmAoyég BeATioToTToinong KWwaika

e ATTO0QaAudTWON
@ GDB
@ Baoikég evioAég
@ lMpoodpTtnon o€ digpyaacia
@ Intel gdb-ia
e DDD

EkmraideuTiké Zepivapio ARIS = Abnva, 14-16 Zem. 2015



$92 arnet [MpoypaupaTioTIKO [NepIBalAov

hpc.gmet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

@ Keipevoypagol : vi, vim, nano
@ [lpoypappuartiopog: C, C++, Fortran
@ Script: perl, bash, Octave

@ MetrayAwTioTés: INTEL, GCC, PGI
@ [lapaAAnAia: Intel MPI, OpenMPI
°
°
°

TPOYPARHATIOTIKG
MepiBaMov

Make: make, cmake
AtroopaAudatworn: gdb, gdb-ia, pgdbg, ddd
Profilers: gprof, pgprof, VTune, Scalasca, mpiP

EKTTQISEUTIKG ZePIVEpPIO ARIS C&‘Jﬁ-‘i“ =00 ABrjva, 14-16 Setr. 2015




.}) grnet

ﬁpc.grnet.gr

M AU , 7
Vol \/aOcaiuor MeTayAwTTioTEC

Twaon

Language GNU INTEL PGI File Extension
C gcc icc pgcc .C
C++ g++ icpc pgc++ .cpp .cc .C .cxx

Fortran gfortran ifort pgfortran .f .for .ftn .f90 .fpp

MPI flavor module execute

Intel MPI intelmpi  srun
OpenMPI  openmi  srun

European Union

Abnva, 14-16 Zem. 2015
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Intelmpi |

hpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
pec Language wrapper

N. NikoAou-

TOAKOG C mp”CC
C++ mpiicpc
Fortran mpifort

MerayAwrmiotég

ofault) intelmp

EkmraideuTiké Zepivapio ARIS N Abrva, 14-16 Zemr. 2015 5/45



r'i/}? grnet Intelmpl 1

hpc.gmet.gr

MetayAwTTion
- ATTOOQOApG-

Twaon

N. NikoAou- : — P— s s s s
T06KOC gcc - I;I’apps/compllg r‘s/lntel{lmpl;’S .8.3 .@48/1nte164/1n§1ude I—L/appg/cgmplle rs/int
el/impi/5.0.3.048/intelb4/1ib/release_mt -L/apps/compilers/intel/impi/5.0.3.048/

intel64/1ib -Xlinker --enable-new-dtags -Xlinker -rpath -Xlinker /apps/compilers
/intel/impi/5.0.3.048/1intel64/1ib/release mt -Xlinker -rpath -Xlinker /apps/comp
ilers/intel/impi/5.0.3.048/intel64/1ib -Xlinker -rpath -Xlinker /opt/intel/mpi-r
t/5.0/intel64/lib/release mt -Xlinker -rpath -Xlinker /opt/intel/mpi-rt/5.0/inte
164/1ib -lmpifort -lmpi -lmpigi -1dl -lrt -lpthread

MerayAwrmiotég

intel) mpiicc —-show

icc -I/apps/compilers/intel/impi/5.0.3.048/intel64/include -L/apps/compilers/int
el/impi/5.0.3.048/intelb4/1ib/release_mt -L/apps/compilers/intel/impi/5.0.3.048/
intel64/1ib -Xlinker --enable-new-dtags -Xlinker -rpath -Xlinker /apps/compilers
/intel/impi/5.0.3.048/1intel64/1ib/release mt -Xlinker -rpath -Xlinker /apps/comp
ilers/intel/impi/5.0.3.048/intel64/1ib -Xlinker -rpath -Xlinker /opt/intel/mpi-r
t/5.0/intel64/lib/release mt -Xlinker -rpath -Xlinker /opt/intel/mpi-rt/5.0/inte
164/1ib -lmpifort -lmpi -lmpigi -1dl -lrt -lpthread

EkmraideuTiké Zepivapio ARIS Abrva, 14-16 Zemr. 2015 6/45




hpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

N. NikoAou-
TOAKOG

MerayAwrmiotég

OpenMPI |

Language wrapper

C mpicc

C++ MpPicxX

Fortran mpifort (mpif90 deprecated)

EkmraideuTiké Zepivapio ARIS

m European Union EN ABrva, 14-16 Zemr. 2015
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® arnet OpenMPI

hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-

Twon
N. NikoAou- 0 .

T06K0g module load openmpi/l1.8.7/intel

Currently Loaded Modulefiles:

Merayhormorc 1) gnu/4.9.2 3) intelmpi/5.0.3

2) intel/15.0.3 4) openmpl/l.8.7/intel

p -Wil,/fapps/p
arallel/openmpi/1.8.7/intel/1ib -Wl,--enable-new- dtags -L/apps/parallel/openmpi/
1.8.7/intel/1ib -lmpi

European Union
€
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B2 grnet OpenMPI I

hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-

Twon

N. NikoAou- module load openmpi/l1.8.7/gnu

TOAKOG

Currently Loaded Modulefiles:
1) gnu/4.9.2 3) intelmpi/5.0.3

Merayormorts 2) intel/15.0.3 4) openmpi/sl.8.7/gnu

mpicc —-show

gcc -I/apps/parallel/openmpi/1.8.7/anu/include -pthread -Wl,-rpath -Wl,/apps/par
allel/openmpi/1.8.7/gnu/1ib -Wl,--enable-new-dtags -L/apps/parallel/openmpi/1.8.
7/gnu/1ib -lmpi
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net.gr

# directives
TInyaiog ) :gin?ude
KOBIKAG MpoemegepyacTic efine

-D[H;\me]

TIapayel
object apxeia
.0

MerayAdrrion METaYAWTTIOTAG

alvdean objects apxeiwv +
BIBAI0ONKDV
= eKTEAEOIMO a.0ut

\\N
JUVOETHG

EKTIQISEUTIKG SepIvapio ARIS Pt = ABrjva, 14-16 Zetr. 2015
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)2 arnet

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

Mapaywyn object apxeiwv, xwpig opwg ouv-
deon (linking) '

-0 Ovopa ekTeAéoipou
-g Mapdyel TTAnpogopieg aroo@aANATWOnNG.
-D[name] OpiCel TO macro aTov TTPOETTECEPYATTH.

. Avadnrei apxeia kwdika otov kardAoyo dir

. -I[dir] , ,
MerayNirmon KOTG TN METAYAWTTION.
-1[1ib] >uvdeon pe BIBAIOOAKN lib .
, —static YTroxpewvel oTaTIKA OUVOEDT.

, Avadnrei apxeia BiBAI0BNKwV oTov KATGAOyo

-L[dir] . . .
dir kaTtd TN ouvdeon.

-fpic Mapdyer kwdika position-independent.

-version, -v

MpoBaAel TNV €kdoOoN TOU PETAYAWTTIOTH.

-help,-h

MAnpogopieg Bonbeiag.

-std=

2UUMOpQWOonN e TTpoTuTToO standard

EkmraideuTiké Zepivapio ARIS
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grnet

hpc.gmet.gr
MetayA@rmion main.c:2:17: fatal error: fooc.h: No such file or directory
'Anfz(cp?])‘““' #include "foo.h"
N Nionou- compilation terminated.
TOGKOG
gcc -I/path/to/include main.c
——— gcc —-ISMYPATH main.c

! Find the paths
module show fftw/2.1.5 )

fapps/modulefiles/libraries/fftw/2.1.5:

module-whatis Enable usage for fftw version 2.1.5
setenv FFTWROOT /apps/fftw/2.1.5
rrorand-nath I M I TRRARY DATH fampre/fftws/2 1 R 4ik

EKTTQISEUTIKG ZePIVEpPIO ARIS e 2 ABrjva, 14-16 Zetr. 2015 12/45




hbc.grnet.gr

MetayAwTTion
- ATTOOQOApG-

Twon

N. NikoAou-
TOAKOG

MerayAdrrion

ot fir
-|_ lij

EkmraideuTiké Zepivapio ARIS

Abnva, 14-16 Zem. 2015
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B2 grnet

ﬁpc.grnetgr

el EmmAoyéc BeAtioTorroinong Kwoika Tou pETayAwTTioTn
- ATTOOQOApG-
Twon

N. Nikohou- -00 ATtrevepyoTroinon BEATIOTOTTOINCEWY KWAIKA
b -01 BeATIOTOTTOINOEIG WG TTPOG PWEYEBOG KWAIKA

-02 BeATioToTT0iNON WG TTPOG TAXUTNTO

-03 MANpeg emmitredo BeATIOTOTTOINONG

-Ofast [io emBEeTIKA BEATIOTOTTOINON

Emoyég
BeATioToTIOINONG
KWOIKa

Intel Reference

“The /O3 (-O3) option is particularly recommended for
applications that have loops that do many floating-point
calculations or process large data sets. These aggressive
optimizations may occasionally slow down other types of
applications compared to /02 (-02).”

EkmraideuTiké Zepivapio ARIS 2 NEN = Abrva, 14-16 Zemr. 2015 14/45



hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

N. NikoAou-

gcc —help=optimizers
icc -help opt

Emoyég
BeATioToTIOINONG
K@biKa

EKTTQISEUTIKG ZePIVEpPIO ARIS R ek ABrjva, 14-16 Zetr. 2015 15/45
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grnet
hpc.gmet.gr
MetayAwTTion 9 0
QU gcc -Q -03 —help=optimizers
TWwon .
icc —-help advanced

N. NikoAou-
TOAKOG

-faggressive-loop-optimizations
-falign-functions
-falign-jumps

o -falign-labels

peneroinns -falign-loops
-fasynchronous-unwind-tables
-fbranch-count - reg
-fbranch-probabilities
-fbranch-target-load-optimize
-fhranch-target-load-optimize?
-fbtr-bb-exclusive

EkmraideuTiké Zepivapio ARIS

enabled]
enabled]
enabled]
enabled]
]
]
]

[

[

[

[
[enabled
[enabled
[enabled
[disabled]
[disabled]
[disabled]
[disabled]

Abnva, 14-16 Zem. 2015
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hpc.grnet.gr

_M;L‘QQ;UJ;;’Q_ MeTayAWTTION KWOIKA VIO CUYKEKPIUEVO ETTECEPYATTH

Twaon

-march=native J

BeATIOTOTTOINON KWAIKA YIO CUYKEKPIYEVO ETTECEPYADTH

-mtune=native )
Emidoyég
BeATioTomoinong
KWOIKa
7 icc -xHost
gcc -c -Q -march=native —-help=target J

-m[target] Enable use of instructions sets, -mavx, ...

ropean Union
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y’ grnet
hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

EmAoyr) GNU EmAoyn INTEL

-O[0-3] -O[0-3]
-Os -Os
-Ofast -fast
seronaons -mtune,-march=native -xHost
-funroll-loops -unroll/-unroll-agressive
-finline-functions -ip, ip0
-fstrict-aliasing -fno-alias

European Union
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.}) grnet

ﬁpc.grnet.gr

vEevyat  Loop Unrolling
- ATTOOQOApG- . . . . .
Twon @ unrolling inner loops hides floating point latency

original
for (int x=0; x < 100; x++)
{

func (x) ;

}
e — optimized

for (int x = 0; x < 100; =x+=5)
{

ropean Union

EkmraideuTiké Zepivapio ARIS

Alrva, 14-16 Zem. 2015 19/45



.}) grnet

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-

Twon Loop Colapsing
original

int a[100][3007];

for (int i = 0; 1 < 300; 1i++)

for (int j = 0; J < 100; Jj++)
aljlli] = 0;

Emoyég
BeATioToTIOINONG

K@diKa Optlmlzed

30000; i++)

European Union
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&9 grnet Inline functions

ﬁpc.grnetgr

MeTayAwTTIon Original

- ATTOOQOApG- )
wen int func(int &x,int &y) optimized
{ return 4*x+3*y; } int main () {
int main () { int x=4,vy=3;
int x=4, y=3; int b= 4*x+3*y;
int b=fun (x,y) }

Emoyég
BeATioToTIOINONG
KWOIKa

inline keyword
suggests (but does not require)

#define FUN(x,y) 4*x+3%y

increase code space

ropean Union
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.}) grnet

ﬁpc.grnet.gr

MetayAdrTion Branch Elimination
- ATTOOQOApG-

wen if ((x < x1 ) {
a = a0 + al;
} else 1if ( x < x2 ) |

a = a0 - al;
} else if ( x < x3 ) {
a = a0 * al;
Emoyég } else {
i a = a0;

@ static branch elimination

@ compute all cases and conditions, then pick the correct
@ replace with switch statements, jumbe tables

@ branch re-alignment

ropean Union
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MeTayAwrTion
- ATTOOQOApG-
Twon

Emoyég
BeATioToTIOINONG
KWOIKa

EkmraideuTiké Zepivapio ARIS

-y’ grnet

ﬁpc.grnet.gr

@ Loop Fusion

original

int x[100], y[100];

for (int i = 0; i < 100;
x[1] 1;

for (int i = 0; i < 100;
yIil = 2;

optimized

int x[100], y[100];

for (int 1 = 0; i < 100;
x[1] 1;

y[i] 2;

}

ropean Union

it4)

it++)

i++) |
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.}) grnet

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG- .
Twon @ Loop Peeling

original

int p = 10;

for (int 1=0; i<10; ++i) {
y[i]l = x[i] + x[p];

Emoyég
BeATioTomoinong }
KWOIKa

optimized

y[0] = x[0] + x[10];

for (int i=1; i<10; ++1i) {
yli] = x[1] + x[i-1];

}

ropean Union
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MetayAwTTion
- ATTOOQOApG-
Twon

Emoyég
BeATioToTIOINONG
KWOIKa

n

EkmraideuTiké Zepivapio ARIS

y’ grnet
hpc.grmet.gr

Cache reuse

Fortran (column-wise)

Real*8 a(m,n), b(m,n)
, c(m,n)
do i=1,n
do j=1,m
a(j,i):b(j,i)+c(j,i)
end do
end do

European Union

Memory Tuning |

C (row-wise)

for (i=0;1i <m;i++) {
for (3=0;7 <n;j++){

alil[j1=bli][j]+ci]
}

}

(317
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832 grnet

ﬁpc.grnet.gr

MetayAwTTion

qynws  Prefetching (predict next cache line)

Twaon

2 stream

do i=1,n
s=s+x (1) *y (1)

end do

dotp=s

Emoyég
BeATioToTIOINONG

oo 4 stream
do i=1,n/2
s0=s0+x (1) *y (1)

end do
dotp=s0+sl

ropean Union

EkmraideuTiké Zepivapio ARIS

sl=sl+x (i+n/2) *y (i+n/2)

Memory Tuning |

6 stream

do i=1,n/3
s0=s0+x (1) *y (1)
sl=sl+x (i+n/3) *y (i+n/3)
S2=82+x (1+2*n/3) *y (1i+2*

n/3)

end do

do i=3*(n/3)+1,n
s0=s0+x (1) *y (1)

end do

dotp=s0+sl+s2

Abnva, 14-16 Zem. 2015



852 grnet Memory Tuning Il

ﬁpc.grnet.gr

M AW .
sl  cache blocking

Twaon
Real*8 a(n,n), b(n,n), c(n,n)
do ii=1,n,nb ! < nb is blocking factor
do jj=1,n,nb
do kk=1,n,nb
do i=ii,min(n,ii+nb-1)
do j=jj,min(n,jj+nb-1)
s do k=kk,min (n, kk+nb-1)
c(i,3)=c(i,j)+a(j, k) *b(k, i)
end do
end do
end do
end do
end do
end do

European Union
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y’ grnet
hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

@ gdb GNU Debugger

@ ammoo@aAudTwaon, €Aeyxog AaBwyv: segmantation faults,
floating point exception KAt

@ http://www.gnu.org/software/gdb/

European Union
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http://www.gnu.org/software/gdb/

ﬁ);{na

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG- [ fla g S ]

Twaon

<source file> -o <output file>

J

@ -Wall, -Wextra: Evepyotroiei rpocidoTtroinon
moavwy oQaAua
@ -Werror: Metatpémmel TpoeIdoTToinan o€ oPAAUaQ.
@ -Wfatal-errors: TepuaTiCel PETAYAWTTION UETA TO
TTPWTO OQAAUQ.
Debug info

gcc [flags] —-g <source file> -o <output
file> J

@ —g: lNapayel TAnpogopia aTTooc@aApdTWong
@ —ggdb: NMapdyel TTANPOPOpPIa ATTOCPEAAUATWONG VIa
GDB

ropean Union
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rs) grnet
hpc.grmet.gr
Msmv)\wmqn
'A”‘jj‘g?“"' Command “gdb <prog name>” or “gdb”

N. NikoAou-
TOAKOG ( gdb )

[nikoloutsa@login@l ~1$ gdb

GMU gdb (GDB) Red Hat Enterprise Linux (7.2-83.el6)

Copyright (C) 2010 Free Software Foundation, Inc.

License GPLv3+: GNU GPL versicn 3 or later <http://gnu.org/licenses/gpl.html=
This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law. Type "show copying"
and "show warranty" for details.

This GDB was configured as "x86_64-redhat-linux-gnu”.

For bug reporting instructions, please see:
<http://www.gnu.org/software/gdb/bugs/>.

(gdb) i

(gdb) file <prog name>

Alrva, 14-16 Zem. 2015 30/45
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grnet
hpc.gmet.gr

Msmv)\wmqn
- ATTooQaAUG- (gdb) help <command>

Twon

N. NikoAou-
TOGKOG {gdb) help
List of classes of commands:

aliases -- Aliases of other commands

breakpoints -- Making program stop at certain points
data -- Examining data

files -- Specifying and examining files

internals -- Maintenance commands

obscure -- Obscure features
running -- Running the program
] stack -- Examining the stack
GDB status -- Status inguiries
support -- Support facilities
tracepoints -- Tracing of program execution without stopping the program
user-defined -- User-defined commands

Type "help" followed by a class name for a list of commands in that class.
Type "help all" for the 1ist of all commands.
Type "help" followed by command name for full documentation.
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hpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

N. NikoAou-

(gdb) help run

EKTTQISEUTIKG ZePIVEpPIO ARIS R ek ABrjva, 14-16 Zetr. 2015
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MetayAwTTion
- ATTOOQOApG-
Twon

N. NikoAou-
TOAKOG

entati
n

@ [NpooBnkn breakpoints

@ 'EAeyxog dedouEvv

ropean Union
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fault
lelim=10, ex ct_delim=1,
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B2 armet BaoIikEG EVTOAEG

hpc.grnet.gr

MetayAwTTion .
- ATTOOQaApG- break main.c:6
Twon

N. NikoAou-

10GKOG (gdb) break my function J

(gdb) continue /
(gdb) step J
(gdb) next J
= J

(gdb) watch <var> J

list
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8 grnet Mapddeiyua

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-

Twon #include <stdio.h> PROGRAM main
#include <stdlib .h> INTEGER :: myDiv

int myDiv(int, int); INTEGER :: res, x = 5, vy
int main(void)
{ DOy =1, 10
int res, x =5, vy; res = myDiv(x,y)
for(y = 1; y < 10; y++){ WRITE(* ,*) x,y,res
res = myDiv(x,y); END DO
printf("%d,%d,%d\n” ,x,y, END PROGRAM

res);
} FUNCTION myDiv(x,y)
return O; INTEGER, INTENT(IN) :: x,
} y
int myDiv(int x, int y){ myDiv = 1/(x-y)
return 1/( x — y); RETURN
} END FUNCTION myDiv
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B2 grnet

ﬁpc.grnetgr

MetayAwTTion
- ATTOOQOApG-

gcc -g divcrash.c

gdb ./a.out

gfortran -g divcras.fo0

gdb ./a.out J
(gdb) run J

BaOIKEG EVIOAEG

Program received signal SIGFPE, Arithmetic
exception.

0x0000000000400595 in myDiv ()

ropean Union
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[MpoodpTtnon oc digpyacia |

hpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

N. NikoAou- (gdb) shell 1s -1 )

TOAKOG

(gdb) attach pid )

(gdb) shell ps -eo pid, comm )

, shell ps -ec grep main
o — =N

Biepyacia
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grnet Mpoodptnon oc digpyaaoia ll

hpc.gmet.gr
MetayAwTTion
-Anomcpnr:])\pd— (gd b) attach 22523
TW
N. NikoAou-
TOGKOG (gdb) attach 22523

Attaching to process 22523
Reading symbols from /users/staff/nikoloutsa/projects/aris_training/debug/gdb/ma
n...{no debugging symbols found)...done.
Reading symbols from /1ib64/libc.so0.6...Reading symbols from /fusr/lib/debug/1ib6
4/1ibc-2.12.so0.debug.. .done.
done.
Loaded symbols for /lib64/libc.so.6
Reading symbols from /1ib64/1d-linux-x86-64.s0.2...Reading symbols from /fusr/lib
/debug/1ib64/1d-2.12.so.debug. . .done.
done.
Loaded symbols for /1ib64/1d-1inux-x86-64.s0.2
0x00000033b5adb4c® in _ read_nocancel ()
at ../sysdeps/unix/syscall-template.S:82
82 1 T_PSEUDO (SYSCALL_SYMBOL, SYSCALL_NAME, SYSCALL_NARGS)
(gdb)

Npootpmon oe
Biepyacia

(gdb) backtrace
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2 grnet

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

N. Niko.

(gdb) core <core> J

snapshot

(gdb) generate-core-file J

Valgrid: memory leaks

Npoodpmon oe
Biepyacia
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y’ grnet
hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

@ gdb-ia Intel Debugger

@ aTToo@aAUATWON, €Aeyxog AaBwv: segmantation faults
KATT

@ module intel

Intel gdb-ia
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y’ grnet
hpc.grmet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

@ ddd Data Display Debugger

@ pagikd TTepIBAAAoV

@ ammoo@aAudTwon, €Aeyxog AaBwv: segmantation faults
KATT

@ http://www.gnu.org/software/ddd/
@ gui vs gdb —tui
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http://www.gnu.org/software/ddd/

hpc.grnet.gr

MeTayAwrTion
- ATroopaApd- ddd <prog name>

File Edit Yiew Progran Conmands Status Source Data Help
- - - -
0z | hain ’ G . / N
Lookup Find» Ereak Uatch  Print Displaw Plol  5io0  Aolats 3t Unden
7% sample,c —- Sample C progran to be debugged uwith DDD #/ T e E
/% Taken fron the DDD Reference docunentation x/ (on

#include <stdio.h> Bun
#include <{stdlib,h> Interrupt
static void shell_sort{int all, int size} Step | Stepi
i Mest | Mexti
int i, j3
Jint h'=13 Until | Finish
do { =
h=hs3eis _Cont | Kill |
; ul{lile {h <= size); LM
° h /= 33 Undo_ | Redo
f {i = h; i < size} it+} s
frr @' 09 A Qefip 8 Edit | Hake
int v = alil;
for €j=1i; j>=h &8 alj-hl>vw; j-=h
aljl = alj - hl;
if (i != 7§
aljl = vs

3
3 while ¢h != 1);

int main{int argc, char =argvl1}
£

int =a;
int i
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$2grn

hpc. grnet qr

MetayAwTTion
- ATTOOQOApG-

Line: "Right Click”

Iﬁﬁ a = {int =)malloc{{argc - 1} = sizeof{int)}}:
for (i =03 1 € argc — 13 i++)
alil =

atoif{argvli + 11};

shell_sort{a, argc);
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hpc.grmet.gr

ervrnres Program -> Run
- ATTOOQOApG-
Twaon File Edit VYiew Progran Conmands Status Source Data ﬂelp|

3: | main /B B @ W R T T G
Lookup Find» Bresk Watch Frint Dispiy Flal ool Aolate  Set Undisp
/+ sanple,c — Sample C progran to be debugged with DDD =/ DDD -
/% Taken from the DOD Reference documentation =/ (on lo...
Run

#include <{stdio.h>
e wots e S Taoe]
DDD: Run Pregram (en loginO2 P
static void shell_sortfint all, i ogram (on login02) _Step | Stepi |
g int &, Js Argunents Mm
Iint h =15 Until |Finish
do { 07541 Cont | Kill

h=h=#*3+1;
3 while (h <= size): Up Down
do §
° h /= 33 Undo | Redo
i('or (i =h; i< size; i+y Edit | Hake
int v = alils
for {j=1i3 j

Run with Argunents

7541

3
3 while (h != 1);

Run Cancel Help

int nain{int argc, char =argv[1)
£

int =a3
int i3
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8 grnet BiBAloypagia

ﬁpc.grnet.gr

MetayAwTTion
- ATTOOQOApG-
Twon

GCC, the GNU Compiler Collection “ Options That
Control Optimization”

Intel Developer Zone, “ Intel® 64 and IA-32
Architectures Optimization Reference Manual”, 2014

PRACE Best Practice Guide - Generic x86
GDB: The GNU Project Debugger “Debugging with gdb”
DDD - Data Display Debugger “Debugging with ddd”

) @) & & =Y

BipAoypagia
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