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Today’s Challenge

Q: What is the impact of
current trends in HPC on
Heterogeneity |  Concurrency your application?

Q: How can you make
your science run well on
the available system?

? A: Development.
Science

Development implies both fixing problems -
and optimizing the computation. alllnEa
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CPU Cores

Machine Size Growth
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Compilers Can’t do it All, ...

. : (col. 10) remark: loop was no :
.T(2431): (col. 7) remark: loop was not vectorized: not inner loop.

.T(993): (col. 13) remark: LOOP WAS VECTORIZED.

.T(992): (col. 10) remark: loop was not vectorized: not inner loop.

.T(991): (col. 7) remark: loop was not vectorized: not inner loop.

.T(243): (col. 7) remark: loop was not vectorized: existence of vector depende

(col. 13) remark: LOOP WAS VECTORIZED.
(col. 10) remark: loop was not vectorized: not inner loop.
(col. 7) remark: loop was not vectorized: not inner loop.
(col. 13) remark: loop was not vectorized: vectorization possible but
seems inefficient.
mg.fT(762): (col. 13) remark: loop was not vectorized: vectorization possible but
seems inefficient.
(col. 10) remark: loop was not vectorized: not inner loop.
(col. 7) remark: loop was not vectorized: not inner loop.
(col. 13) remark: LOOP WAS VECTORIZED.
(col. 10) remark: loop was not vectorized: not inner loop.
(col. 7) remark: loop was not vectorized: not inner loop.
(col. 16) remark: loop was not vectorized: existence of vector depen

.T(2254): (col. 13) remark: loop was not vectorized: not inner loop.

.T(2251): (col. 7) remark: loop was not vectorized: not inner loop.

.T(2433): (col. 13) remark: LOOP WAS VECTORIZED.

.T(2433): (col. 13) remark: loop was not vectorized: not inner loop.

.T(2432): (col. 10) remark: loop was not vectorized: not inner loop.

.T(2431): (col. 7) remark: loop was not vectorized: not inner loop.

.T(2433): (col. 13) remark: LOOP WAS VECTORIZED.

.T(2433): (col. 13) remark: loop was not vectorized: not inner loop.

.T(2432): (col. 10) remark: loop was not vectorized: not inner loop.

.T(2431): (col. 7) remark: loop was not vectorized: not inner loop.

.F(527): (col. 7) remark: loop was not vectorized: nonstandard loop is not a v
ectorization candidate.
mg.T(552): (col. 7) remark: loop was not vectorized: nonstandard loop is not a v
ectorization candidate.
mg.T(1150): (col. 7) remark: loop was not vectorized: loop was transformed to me
mset or memcpy. =)
mg.T(1150): (col. 7) remark: loop was not vectorized: loop was transformed to me
mset or memcpy.
mg.fT(1645): (col. 7) remark: loop was not vectorized: loop was transformed to
mset or memcpy.

mer : . , g, , www.allinea.com




Debugging in practice...

Insert print :
i
— allinea
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Optimization in practice...

Insert
timers

\

/

Change
code

Analyse

result

allinea
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Some Bug Types

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

www.allinea.com



Allinea Unified Environment

« A modern integrated environment for HPC developers

« Supporting the lifecycle of application development
and improvement
— Allinea DDT : Productively debug code
— Allinea MAP : Enhance application performance
— Allinea Performance Reports: Characterize
Application performance

: . " allinea)
° DeSIQned for prOdUCUVlty environment

— Consistent easy to use tools

— Enables effective HPC development

* Improve system usage \D
— Fewer failed jobs

— Higher application performance a I I i n Ea

www.allinea.com
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An Integrated Environment

‘ Share GUI, Shared Scalable Architecture

. Use Allinea MAP to find a bottleneck
‘ Flick to Allinea DDT to understand it

‘ Compare variables, expressions, call paths

. High memory usage? Use DDT to find out why

DT

‘ Common interface and settings files

allinea

www.allinea.com



Allinea DDT
Fix software problems - fast

 Graphical debugger designed for:

C/C++, Fortran, UPC, CUDA, CUDA Fortran, OpenACC

Multi-threaded code P> i debug  progam.
M u Iti_process Code :&::h::'o an already running program.

Open Core
Open a core file from a previous run.

Restore Checkpoint
E:___:_ Restore a checkpoint from a previous run.

Options

Accelerated codes

=  GPUs, Intel Xeon Phi

Remote Launch:

Debugging 1 to 700k processes [of =

Quit

Slash your time to debug :

Select Tool:

Allinea DDT Support Expires 2111-10-23

Reproduces and triggers your bugs instanﬂy \ Allinea MAP Tial Licence (30 Second Time Limit) Buy Now

Helps you to fix them as swiftly as possible

Helps you easily understand where issues come from quickly

allinea

www.allinea.com



Where?

e Leaps to source automatically
e Powerful instantaneous memory debugging

How?

» Real-time data comparison and consolidation
e |dentify outliers and unusual threads

e “Smart Highlighting” of differences and changes
e Sparklines comparing data across processes




Top Features for HPC Debugging

Stacks (All)

Processes  Function
150120 [ = _start
&_libe_start_main

Smain
Zpop (POPROB)
Zinitialize_pop (initial £0:119)
Zinit_communicate (communicate £90:87)
Fcreate_ocn_communicator (communicate 50:300)

Bereate_ocn_communicator (communicate £80.303)

150119
|

Parallel stack view

licenceserver

l_J\—Amll\;r—l TR D S me
Current Group Al

4 [Focuson curent © Group ) Process () Thread

g

200004 processes (0:200003)  Paused: 200004 Running 0

Step, play, and

breakpoints

4

Lecals Curenines) | Curren sk |

Current Line(s)

Variable Name

Automated data
comparison: sparklines

9] & [or2msfias
‘you continue.
Fenction
XE: 1}
Sis bits. 455
5 SR}
ficr_
3
i gal e
sl progress
57, sched yulé syscal-tnplate S 2
aanic 0 tichange 3 (exchange 1159
aanie i i
wan : ey
e ‘ i gal s e
asnu « 54l progress
e 3 ched_yinlé Gspscall-taplate S)
[P Stack for process 1
10

Offline debugging

Array Expression: | bigArray[$il -

Distributed Array Dimensions: |1 |3| How do | view distributed arrays?

Range of §x (Distributed)  Range of $i Auto-update

T [9999 S| Cance|

Display: [ Columns 2|

from: [0 [2]  From: [0 5]

L ER

Display:  [Rows &
! Only show if: [Svalue == 1

Data Table | Statistics
i =

2444 2733 3011 3185 4704 5343 6795 7881 9108 9467

See Examples

1 1|

wielulnele

Numerical and graphical
data visualization

rElE S FEEEEE ! A-D- ‘
Current Group: [l < |Focus on cument: ® Group O Process O Thread [ Step Thresds Together
[ CEEIE
Create Group.
[ i 7 e X T Em
i B8 73| curment vt am
[Search e | & 4 erin 4 || variable Name value
h = Farge —1
=8 sepicaon = e e

= N va(sr 1
il soz =) Ll
A 2" pe: none selected

| nputiutputr | Breskpoints | Watchpomts | Stacks (Al) | Waceponts | Tacepomt Output | Logback |

|

TFacepoint Output 2@
Facepaint Processes Values logged =

main (estartmpl.c:108) 4 ranks . x — O ¥ — O

main (cstartmpi.c:108) 4. ranks .. x — O y = from 1to4

main (cstartmpi.c108) d.ranks . x — O y -~ from2te 8

man (cstantmpl.c108) 4. ranks . x _ fromOtal y. . fromOtos

main (cstartmpl c108) 4. ranks .. x _ fromOtsl y - - from ot

Tracepoints

allinea
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Allinea MAP
Increase Application Performance

Profile

- Parallel profiler designed for: |

Load Profile Data File
Load a profile data file
from a previous run.

. M AP options

Remote Launch
off $|

— C/C++, Fortran

— Multi-process code

» Interdependent or independent processes

— Multi-threaded code

Quit

= Monitor the main threads for each process

— Accelerated codes

Select Tool

- GPUS, |nt6| XeOn Phl , Allinea DDT Support Expires 2111-10-23

Y Allinea MAP Trial Licence (30 Second Time Limit)

* Improve productivity :
— Helps you detect performance issues quickly and easily

— Tells you immediately where your time is spent in your source code

allinea

www.allinea.com

— Helps you to optimize your application efficiently



Find Performance Issues Quickly

 Look at the entire application on real data sets

— Visualize the entire run at full scale, not just reduced sets

— Zoom in to explore iterations, functions and loops

* Non-Destructive Profiling

— Less than 5% overhead

— No need to instrument your code
— Small output files (10-20Mb is typical)

 Understand the nature of bottlenecks
— Source code viewer pinpoints bottleneck locations
— CPU, MPI, I/Os and memory metrics identify the cause

[ W N N §

A da 4

798

1,Comm,ireg(1l),ierror)

MPL

_WAITALL (nreq,ireq, ist

Memory usage (M)

84 - 513 (18.6avg) =
87 - 210 (112avg)

MPI call duration (ms)

0 - 159 (0.7 avg)
] = 0 ( Oavg)

CPU memory access (%) |~ R L. 1w L

0 - 100 (327avg) =l e

0 - 100 ( 34avg) e uh =

CPU floating-point (%)

0 - 100 (119avg) WONTY e Faiabal B

o - 80 ( 3avg) T . |

CPU branch (%) - TERL i = ',,'7 j'}:T, -

0 - 100 (234avg) = - i E e * - S :

0 - 100 { 4lavg) TN s & ik BilNERE- | 9T b .y T i

15:35:44 (+0.165, 42.5%): CPU branch ranged from 60 % (rank 0) to 100 % (rank 1) with mean 80 % and s.d. 14.1 % [ Reset |



Providing Visual Scalability

Profiled: slow_f on 8 processes  Started: Wed 3. Apr 12:13:18 2013 Runtime: 109s Time in MPI: 38% Hide Metrics...

Common
horizontal axis

Memory usage (M)
58 - 58.3 (23.7avg)

MPI call duration (ms) =
e e -
0 - 15,138.5 (1,450.5avg) e bl

CPU memory access (%)

o - 100 (18.0avg) BE . _ o L o _
CPU floating-point (%) R o e
a - 100 (24.9avg) | - - Ay Ry r
12:13:18-12:15:06 (range 108.478c): Mean Memory usage 23.7 M; Mean MPI call duration 1,450.5 ms; Mean CPU memory access 18.0 %; Mean CPU floating-point 24.9 %G; Reset | Agg regate a Cross
o all processes
2 use mpi
3 implicit none
4 integer :: pe, nprocs, ierr
5
& call MPI_TNIT (ierr)
7 call MPI_COMM RANK(MFI COMM WORLD, pe, ierr)
il call MPI CCMM SIZE (MPI COMM WCRLD, nprocs, ierr) . .
> - - Highlight
30.2% 10 call imbalance . .
32.4% 11 call stride Imbalance Vlsua”y
37.4% 12  [Ezl1 overlap
13
14 call MPI FINALIZE (ierr)
15
16 contains

Input/Output | ProjectFies  Paralll Stack view |
Parallel Stack View

Total Time = | MPL IFuncﬁon(s) on line Source Always refe r to

- g source code

s S— 7% d
32.4% rF 0.4% [ stride call stride slow.fa0: 11
30.2% D 7.1% imbalance 221l imbzslzance slow.f30: 10

allinea
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Allinea Performance Reports

Q o - Effortless one-touch reports
g'”m'-a*' 258 processes, 18 nodes
' 7\ = Add one command to your

Performance S N -
cp2idexe/CRAY-XEG-giorran-ninpo  —

Reports e wel ko run SCrlpt

Summary: cp2k.poptis ( 1 in this configuration u A on e'p ag e rep 0] rt |S
R generated automatically

~ - Thme spent nunning 3pplication code. High valses are wsually good
~FU 585% _ This i average: check the CPU performance seclion for op@mization sdvice.

Time spent In MPI calls. High values are usually bad

S « Characterize and understand
application performance

This & negigible; thers's RO Nesd 10 IVEStgSte LD perfoimance
. - = With < 5% application
A bre;kdown oﬂ-m\t lhe 73 5% inial CPU me was spent Of the 43.5% foial ime BP‘.'HEEI-'I NP1 calls: S | Owd Own

MP] 435%
0o%

This applicasion run was CFU-bound. A breakdown of this Sime and advice for inwesiigating further is in the CP1 secion below.

Scaarnumencops 27 7% [l Time In colectve calis 22% 1

Wecior numencops  113% ] Time In point-io-point c3iks 21E% ]

MEIONY 30085588 = [l Ezmmzied coletive Eie s s [

Omer il Esumated pontio-pontrEie S0EMoE [l

ThE per-Cofe PEMNMAENCE i Memory-bound. Lise 3 profier I The point-i0-point T=NskEr = i iow. This C3n be caussd by
identify tme-consL rr"sln 0ps End check thelr cache performance meMicient message sioes BLch 35 many smal messages. or by

Imbaianced workioads causing processes 10 wall Use an MP

Lisie fime Is 5pent In v uclions. Check the complier's OOTEr 10 ETITy e probiemEte 3k 20 raNEE

veciorization adv b: Il:: Bee nh tE\ ibops could not be: vecionzed

M emory
A breakdown of how the 0 0% tots] PO Sime was spent Per-process memony usags may slso afect scaling:
Time In reads 00% Mean process memory usage 225 Mb [
Time In willes D% Pesk process memory wsage o3 M [
Estmated read r3e 0 bylEss 23K NO0S MEMITY US30E T |

Estimated wilie isle 0 byles's | The pealk node memory zsage k low. Yiou may be abie o reduce

. the intal number of CPU hours Used by nunning wilh fewer MP|
Mo Bime Is spent in |0 operstions. Thare's nothing o optimize here [rooEEIIr 3N MOrE M3 O S3CR prooEET a I | I n Ea
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Top Features for HPC Code Optimization

» Allinea’s tools provide extensive performance metrics, with low overhead

« Allinea’s tools provide a graphical, easy-to-use presentation that is easily

understood by scientists, engineers, and software developers

» Allinea MAP shows exactly which lines of source code are slow and why

without modifications or instrumentation

» Allinea Performance Reports offers application level performance

characterization and advice

- A breakdown of how the % lotal VO time was spent
- . Time in reads 15% 15}
Wosssrin . Time in writes 75.5% =
<
: Estimated read rate 400 M/'s
«
” Estimated write rate  700Mb/s |
€
e R B e e S T B — Most of the time is spent in write operations, which have a low
transfer is may be caused by contention for the filesystem or
e e $a4/y/Shont innene inefficient access patterns. Use an VO profiler 1o nvestigate which
(RSN — write calls are affected
on, (Loet shonan “,9 M‘l ; &
=]
Peclormance
\ Rapact

www.allinea.com



Remote Access Clients
for Mac, Windows and Linux

« Easier access to distant clusters
» Scalable debugging tree already cuts down network traffic
= Secure low-latency debugging and profiling clients

 Extends existing remote cluster support to cover

= No shared filesystem e i Too e |
» Remote/local source-viewing Brelcome to the Alinea Tools
=  Support for multi-hop SSH and OTP systems

This will install Alinea Tools Client version 4.0 on your
computer.,

It is recommended that you dose all other applications before
continuing.

Click Next to continue, or Cancel to exit Setup.

« Allinea DDT feature set available remotely
» Linux, Windows and OS/X clients
» Real native GUI — no ‘VNC’ or ‘X-forwarding’ lag

[ MNext = ]l Cancel

allinea
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What Our Users are Saying

“My group routinely debugs code at
over 100,000 processes using Allinea
DDT. No other debugger comes close —
obviously it’s a hit with users,” Oak
Ridge National Laboratory

“Allinea’s experience and tools will
make a big impact in the speed at which
scientists can complete their research,”

NCSA Blue Waters

“Previous experiences with other

profilers had left us more confused than

informed. Allinea MAP is the opposite.” a I I i nE

www.allinea.com
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allinea

Leaders in parallel software development tools

Thank You

Try it out at:
http://www.allinea.com/products/trials/
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