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Debugging and Profiling your HPC Applications
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About this talk A §||II'\EE
S FORCE
DDT + MAP

» Learn how to debug and profile your code
— Techniques to take home

Tools we will use: Allinea Forge
— Debugging with Allinea DDT
— Profiling with Allinea MAP

— NB. Allinea MAP is not supported on BG/Q

Where to find Allinea’s tools
— > 70% of Top 500 have at least one Allineatool
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Motivation

Number of 10,000 core systems
500

450

« “Without capable %
highly parallel
software, large
supercomputers 300
are less useful”

350

. 250
— Council on
Competitiveness
200
150
e “1% of HPC 100
application
50
codes can
exploit 10,000 0
cores” 2011 2012 2013 2014
— IDC, 2011 —> 10,000 cores ——> 100,000 cores
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Use the right software tool to be faster

Tune Resolve
application problems

|solate
bottlenecks

« What parts of the code would benefit most from being rewritten?
* How should | modify a code to make it better (or work at all)?
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Application Development Workflow

J—

Profiling

Optimization |

N
.

| Debugging
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Hello Allinea Forge! X

allinea
FORGE

Allinea MAP to find performance bottleneck

N4

. Increasing memory usage? Memory leak!
a I I INEA Workload imbalance? Possible partitioner bug!

-/f FORGE S

DDT + MAP Flick to Allinea DDT
Common interface and settings files

L 4

Observe and debug your code step by step
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HPC means being productive on remote machines "x.
allliNnea
FORGE
= plinee
0OS/X I
allinea Connecting to titan ... b
Windows allinea -

MAF

2) Multiple hop SSH
%) RSA + Cryptocard
2{) Uses server license e I S




A

X o allinea
allinea Profiling for performance VAP

« Code optimisation can be time-consuming...

TIME COST

OTRATEGY A t

STRATEGY B
ANALYZING WHETHER

seareey A OR B [

1S MORE. EFFICIENT
THE REASON I AM SO INEFFICIENT

— (image courtesy of xkcd.com)
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X : allinea
aliinea MAP in a nutshell VAP

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s Hide Metrics.
.
Small data files Applcaion activit

CPU floating-point (%)

o - 70 (145avg)
Memory usage (kB) |
44663 - 72221 (68,908 avg ) I

10:26:34-10:27:04 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %, Sleeping © % | CPU floating-point 14.5 %; Memory usage 68,908 kB; Metrics,| Select All I

£ wave_openmp.c [ |

| O A O
0L

oldva ]
values([j]

iterations;

o I |

Input/output | Project Files ~ Stacks | OpenMP Regions |

Stacks 8 x
Time V|MPI |Overhead|Functiun(s) on line Source Position I
B & wave_openmp [program]
B ¢ main wave_openmp.c:324
Elupdate iterations = update(left, right); wave openmp.c:357
ar.0% RININNNANW NN
37.4% |ILLAH QR T AR % update._omp_fn.0.constprop.1 #pragma omp parallel shared(newval, oldval, value.. Wave_openmp.c:213
16.2% [ IILIFITIE0E 10 0 11l b oldval[j] = values[j]; wave_openmp.c:229
a.8%|l I HHIIH\ | I\]‘\ 11 #pragma omp parallel shared(newval, oldval, value.. Wave_openmp.c:213
0.5%

0.1%]| 11 other

[Allinea Ultimate map-smoketest-scripts-5.0 0a3f65bcf767 Nov. 7 2014 4
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allinea

Scaling issue — 5
FORGE

hemelb_512p_2014-02-08_10-18.map - Allinea MAP 4.2-34164 [Trial Version]

File View Search Window Help

allinea

12 processes MAP

Memory usage (M)

218 - 1526 (108.3avg) ;H

MPI call duration (ms)
0 - 11,7891 (65.7 avg )

0o - 100 (11avg)

10:18:36-10:23:43 (307.730s): Mean: Memory usage 108.3 M; MPI call duration 65.7 ms; CPU floating-point 10.6 %;

Profiled: hemelb on 512 processes Started: Sat Feb 8 10:18:36 2014 Runtime: 308s Time in MPI: 58% Hide Metrics...
= y
P ]
- A&
e -, — /
CPU floating-point (%) =F zhede.., B.. . .3 o hen o oo d e . o o R S S L e e o
| Metrics, || Reset

H StepManager.h 3¢ ‘ ™ IteratedAction.cc 3¢ ] ™ StepManager.cc ‘
56 std::string name;
57 Action(Concern &concern. MethodLabel method)

[»)

Input/Output | Project Files | Parallel Stack View |

rarallel Stack View
Function(s) on line

A~ MPI

ime

Source

hemelb::net::IteratedActi...
= Call [inlined]

1.4%
C eheblled 1%

0.1%

= hemelb::extraction:
34.3% PMPI_File_write_at
<0.1%
<0.1%
<0.1% <0.1
<0.1%

0.2%

- -~ ~n: P TR P e )
Parallel Stack View thnwinn data fram §120NN camnlac falkan nuvar 812 nracaccac (1NNN nar nraracc)

..... B.oA.0. R E1343%

Showing data from 512000 samples taken over 512 processes (1000 per process)

Time A MPI Function(s) on line Source
1.4% 0.1% # hemelb::net::IteratedActi... RequestComms();
1.5% 1 #
CallActionsForStep(static_cast<stey
return concern->CallAction(method);
= hemelb::extraction::Pro... EndIteration();
= hemelb::extraction::Pr... propertyWriter->Write(simulationState.GetTimeStep());
= hemelb::extraction::... localPropertyOutputs[outputNumber]->Write((uint64_t) iterationNumber);
34.3% WA343% PMPI_File_write_at ~ MPI_STATUS_IGNORE);
<0.1%
<0.1%
<0.1% 1
<0.1% &3}
0.2% +

RequestConmms();

CallActionsForStep
return concern->CallAction(method);
EndIteration();
propertyWriter->Write(simulationState.GetTimeStep());
localPropertyOutputs [outputNumber] ->Write((uint64_t) iterationNumber);
MPI_STATUS_IGNORE);

Position
IteratedAction.cc:27

IteratedAction.cc:39
PropertyActor.cc:90
PropertyWriter.cc:42
LocalPropertyOutput.cc:302

Allinea MAP 4.2-34164

Simple fix... reduce periodicity of output

allinea
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.S allinea
aliinea Some types of bug DT
Bohrbug Steady, dependable bug
Heisenbug Vanishes when you try to debug (observe)
Mandelbug Complexity and obscurity of the cause is so great

that it appears chaotic

Schroedinbug  First occurs after someone reads the source file and
deduces that it never worked, after which the
program ceases to work

allinea
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X : allinea
allinea Debugging DDT

« Transforming a broken program to a working one
 How? TRAFFIC!

— Track the problem

— Reproduce

— Automate - (and simplify) the test case

— Find origins — where could the “infection” be from?
— Focus — examine the origins

— Isolate — narrow down the origins

— Correct — fix and verify the testcase is successful

« Suggested Reading:
— Zeller A., “Why Programs Fail”, 2nd Edition, 2009
— Zen and the Art of Motorcycle Maintenance, Robert M. Pirsig
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X - allinea
aliinea Solving Software Defects SO

« Who had a rogue behavior ?
— Merges stacks from processes and threads

» Where did it happen?

— leaps to source

* How did it happen?
— Diagnostic messages
— Some faults evident instantly from source

« Why did it happen?
— Unique “Smart Highlighting”
— Sparklines comparing data across processes

Run
with Allinea tools

Identify
a problem
Gather info
Who, Where,
How, Why
Fix
Locals Curreni Line(s) | CurremSBckl ;
;J Curreni Line(s) X
Variable Name Value
- mype W“lzm
[SUT20 ZNAIt_communicate (communicate 19087]
50119 ] i-create_ocn_communicator (communicate.fa0:300)
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P - allinea
aliinea HPC could be brain surgery SO
« Brain aneurysms Saccular
— 2-5% of population — most are undiagnosed ,
— 30,000 rupture in US each year — 40% fatal N7 Fusiform 4
— Early discovery and treatment increases "l /
survival rates [

* Neurosurgery as HPC
— MRI provides the blood vessel structure

— Intra-cranial blood flow and pressures is just
complex CFD

— Full brain 3D model is 2-10GB geometry
* Individualized HPC

— Patient’s MRI scan enables surgical decision:
whether to operate, how to operate, ...

— Circle of Willis requires super-Petascale
smachine-software

— Need answer in minutes or hours
e ... butit crashes at 49152 cores




Allinea DDT"4:2.1-36484

File View Control Search Tools Window Help
o EH & ﬁ {?} Ee BY Bt Bl BE ! -5
Current Group: Focus on current. ‘@ Group Process ( Thread Step Threads Together
i 24576 processes (0-24575) Paused: 17223 Playing: 7353 Finished: O
Currently selected: 260 (on nid00194, pid 9481, main thread IWP 9481)
Create Group
Project Files @® ‘ @ MpiEnvironment.cc 32 I © xyzpartc ¢ Locals | CurrentLine(s) | CurrentStack |
[ Search (Ctrl+K) | & 551 ikvsortii(ntsamples, allpicks); (4] | CurrentLine(s) @®
- ™ Vol T' . 552 Variable Name Value
Rl =1 . , . 4-allpicks W 0222580552010
=3 Wave.c 554 /* Select the final splitters. Set the boundaries to § || i 245
o 555 for (i=1; i<npes; i++) +.mypicks A 02261810
B \Writer ce 556 mypicks[1] = allpicks[i*ntsamples/npes]; -npes ——24575
. wspaéec S5 mypicks[0].key = IDX_MIN; “ntsamples ——1818550
XdrFileWrite 558 mypicks[npes].key = IDX_MAX;
o 559
o XdiMemRez
@ XdiMemWri 560 .
' XdrReader.c 561 WCOREPOP; /* free allpicks */ -
@ Xdrwriter.cc 562 E
w XmlAbstract 562 STOPTIMER(ctrl, ctrl-=AuxTmr2);
564  STARTTIMER(ctrl, ctrl-=AuxTmr3);
+- @ External Code 565 =) I I )
(4] | DK | [*)  Type: none selected
 Input/Output | Breakpoints | Watchpoints = Stacks | Tracepoints | TracepointOutput | Logbook Evaluate @ ®
Stacks @ ® 'Expression Value
Processes  Threads Function W-ZIZ&??&%
17223 117223 |=I'main (main.cc:37) Type. int
17223 17223 | = SimulationMaster::SimulationMaster (SimulationMaster.cc:63) . ¥ }
17223] 117223] . & SimulationMaster-Initialise (SimulationMaster.cc:154) JEEL e HRt s
17223 117223 ] = hemelb::geometry.:GeometryReader:LoadAndDecompose (GeometryReader.cc:188) P 4
17223 117223 ] = hemelh:geometry.:GeometryReader::OptimiseDomainDecomposition (GeometryReader.c
17223 |17223] ] =l hemelb:geometry:decomposition::OptimisedDecomposition::OptimisedDecomposition
17223 117223 ] = hemelb::geometry:decomposition::OptimisedDecomposition::CallParmetis (Optimisec
17223 17223 ] = PamMETIS_V3_PartGeomKway (gkmetis.c:90)
17223 17223 ] = libparmetis  Coordinate Partition (xyzpart.c:58)
17223 17223 libparmetis  PseudoSampleSort (xyzpart.c:556)
(4] I [») |
7353 processes playing
[E Computer B titan-ext7 |\ Alinea DDT 4.2.1-36484 | ) [Ladf  Sun Aug 10, 7:50 PM |E3|
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. Favorite Allinea DDT Features for Scale allinea
FORGE DDT

Array Expression: | bigArray(si) v

Distributed Array Dimensions: (1 [+] How do I view distributed arrays?

Range of $x (Distributed)  Range of $i

Stacks (All)

ancel

5343 6795 7881 9108 9467

_ocn_communicator (communicate: | |

creale_ocn_commumcatol (communicate.\.

Automated data

Parallel stack view o :
comparison: sparklines

Parallel array searching

or raise.
il probably be terminated ILYOU continue.

ddt.bin III E‘

ceserver

200004 processes (6200003)  Paused: 20004 Running: 0

Tracepoints

Cumﬂw seledfd’ m # | Time | Tracepoint [Processes| Values |
" [1_[00:13 451 <ubdomain ra6T0 liond: —onv—a
Create oo
L 3 [o0a: -

e R



Today’s Status on Scalability X

allinea
FORGE

« Debugging and profiling
— Active users at 100,000+ cores debugging
— 50,000 cores is largest profiling tried to date (and was Very successful)
— ... and active users with just 1 process too

* Deployed on
— ORNL’s Titan, NCSA Blue Waters, ANL Mira etc.
— Hundreds of much smaller systems — academic, research, oil and gas, genomics, efc.

 Tools help the full range of programmer ambition
— Very small slow down with either tool (< 5%)

allinea



Getting started on Mira/Cooley

* |nstall local client on your laptop
— www.allinea.com/products/forge/downloads
 Linux — installs full set of tools
« Windows, Mac — just a remote client to the remote system
— Run the installation and software
— “Connect to remote host”
— Hostname:
» username @cetus.alcf.anl.gov
» username @cooley.alcf.anl.gov

— Remote installation directory: /soft/debuggers/ddt
— Click Test

« Congratulations you are now ready to debug on Mira/Vesta/Cetus —
or debug and profile on Cooley.

allinea



A
v ¢

allinea
FORGE

Five great things to try with Allinea DDT

allinea
DDT

£ hello.c 3¢

A\ This file is newer than your program. Please recompile then restart yo

else
test=-1;

47 = void func3()

void* i = (void*) 1;
while(i++ || !'i)
free((void*)i):

A portabitity i is of type 'void *'. When using void pointers in calcula

Left click to add a breakpoint on line 50

r(i=0; 1i<SIZEM; i++)
IanOuwl[ Breakpoint | Wakhpoint | Tracepoints ﬁﬁﬁl Si:IIlAII)l for (j =@ ; j < SIZE 0; j++)
Tracepoint Oufput Cli1[j] = o;
Tracepoini | Processes I Values logged r(i=0;1i<SIZEM; i++) 43
for (j =0 ; j < SIZE N; j++) A 44
976, ranks 2
Veoet5 s | e ) masn o W 2w - for (k=0 k < SIZE 0; ki¥) =
—— C[il1[j] += A[i][k] * BLkI[]I;
90, ranks 46
vhone 1081 DIRBN ks =—— 1 kmax pez ® Program Stopped
(numpr
vhone 19085 ?i:’;‘zmu mype "-']' 038 ol H_ 28 mod ey MPI_S Process 0: jg
g Process stopped at watchpoint "rank" in main (watchmatrix.c:45).
vt (e e — 1 4z weL g A so
sl Old value: 0 31
919, ranks E New value: 1074790400
vhone 085 mype ™ 20382 ol 28 mod pey
2310 .'l‘ H‘ ! Always show this window for watchpoints
208, ranks - "
veoefst [ g [ 1 o pz intf'" 4 | B continue || i pause || #ipausea | =
04,1 (arge e 56
vhone {085 - - (i=0:
pan Th I bl t for (i =0;
" € Scalable prin { St iabl h 57
) 1 :
& Stop on variable change 58

alternative

&& !strcemp(argv[i], "crash")) {

0;
5,

*(char **)argv[i]);

RS © Program Stopped

' Processes 0-3:

Memory error detected in main (hello.c:118):

null pointer dereference or unaligned memory access

Note: the latter may sometimes occur spuriously if gual
enabled

Tip: Use the stack list and the local variables to explore
current state and identify the source of the error.

Detect read/write beyond

array bounds

ty

g1 Static analysis warnings
' on code errors

Memory Usage for "All" group (16:49:14)

tothetop (4|3 processes
oy Usage | Allocation Table |

Total Acr

cation Details

esh Help | [Egitct

Curtent Usage Across

Detect stale memory
allocations



allinea
MAP

A

o° of of

pute 76 %. MPI 24 %_File
Find the peak memory

use

Hide Metrics...

. Sleeping

Make sure OpenMP

regions make sense

30
% 31
32
353
34 B
% .. 35
36

37 8

38
39
40
41
42

9

Six Great Things to Try with Allinea MAP

! late to the party
do j=1,20*nprocs; a
end if

if (pe /= 0) then
call MPI_SEND(a, si
else
do from=1,nprocs-1
call MPI_RECV(b,
do j=1,50; b=sqrt
print *,"Answer f
end do
end if
end do

[ call MPT BARRIER(MPI CO

Fix an MPI| imbalance

S |Mprove memory
access

_A
X

allinea
FORGE

| Project Files = Main Thread Stacks | Functions L

tacks
> ~ MPI Function(s) on line
= CallActionsSeparatedConcerns [ir
= Call [inlined]

= hemelb::net::lteratedAction::Ce
=’ hemelb::extraction::Property?
=’hemelb::extraction::Property

hemelb::extraction::LocalP

Il 80.3% PMPI F|Ie _write_at

S,

from 32,7¢ Remove I/O
' bottleneck

size, nproc, mat a

A[i*size+k]*B[k*s

I\

nal mes
TIES B

Restructure for

vectorization

allinea



allinea

High performance tools to debug, profile, and analyze your applications

Thank you!

Ryan Hulguin, Application and Support Analyst
rhulguin@allinea.com
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