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allinea Allinea Software

SCALE TO NEW HEIGHTS

* HPC tools company since 2001

* Core products
— DDT - Debugger for MPI, threaded/OpenMP and scalar
applications
— OPT - Optimizing and profiling tool for MPI and non-MPI
applications
— DDTLite - Plugin for Microsoft Visual Studio 2008
* Adds parallel and multi-threaded components to user interface
* Real parallel debugging for Windows!
* Released September 22" 2008

www.allinea.com



SURSEEN High Profile Clients (extract)

SCALE TO NEW HEIGHTS

Partners -
* Government

~ CEA, NERSC, IDRIS,
BSC, ONERA, AWE,
il RAL, HLRS, CASPUR,

* Aerospace research

— DLR, EADS CCR,
CIRA, MBDA, BAE

CINECA, ORNL, Systems
NERSC, LLNL, * Commercial research
Ifremer, Proudman, — Synopsys, Airbus,
Plymouth Marine, BGS Fujitsu (Japan & UK),
e Universities CGGVeritas, Total,
e IFP, OHM, AVL,

— Sharcnet, Julich, North
West Grid, Vanderbilt,
Penn State, TACC,
IPGP, ETHZ, HLRS,
LRZ, Dresden,
Karlsruhe, ICHEC,
Bristol, Nottingham,
Glasgow, Edinburgh,

www.allinea.com Oxford, Tokyo,

USATU, Arizona, UCL

MTEM, Konica-Minolta



SRS Other Allinea products: DDTLite

SCALE TO NEW HEIGHTS

* DDTLite for Visual
Studio
— Simplifying development
on the Microsoft®
platform

Fle Edit View Project B
cE-Edd
|3 EEIZ2|0 13 &5 QAT
3 @ @9 SE(E % |Hex %@ -

Selected Processes and Threads
Al 8 processes Show Threads | Hide threads in extemal code ~] [ Select all 8 processes in program

— Bringing features from
T e o e B DDT into Visual Studio®

&&&&&

; ai?c{%gﬁgg)i:sagi:;mp-_exec -np <nProcs> sort.exe <input_ file> <output_file>\n"); - Take tOtal Contr0| Of a”
processes
B — Makes Visual Studio® a
true parallel debugger

©
El

— Released last week!

www.allinea.com



SLINEN Debugging with DDTLite

SCALE TO NEW HEIGHTS

Group control
— Step or play multiple
processes

« Compare data over
. processes

| v o * See all the process
v |||@Variable[a Groups & Location
X || Parallel Stack View
Type ~ || B [Extemal Code] (8 processes)
o i manCRTSEp (e c403 ) 8 processes ) s ac s
int £ __tmainCRTStartup (criexe. o 586) ) (8 processes! )
B main (sortcpp:159) (8 proc:

* C/C++/C#, Intel or PGl
s st s Fortran

www.allinea.com
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Using DDT
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SUIESI=E=N Using DDT to fix bugs - fast!

SCALE TO NEW HEIGHTS

* Overview of the features
* How to get started with DDT
* Memory Debugging with DDT

www.allinea.com




SHIESEEN Parallel Software is Complicated

SCALE TO NEW HEIGHTS

* Multithreaded, multiprocess code
— The usual issues: bugs, speed
— ... how add communication, synchronization, race
conditions, deadlock, scalability
* Hardware / Software capability misaligned

— Significant gap between user requirements and
application capabilities

— Emphasis is now moved to software development
— How do we address this issue?

www.allinea.com



allines ENE problems DDT helps with

SCALE TO NEW HEIGHTS

* For when you have a bug - if your application

— Crashes all the time

* Click play and run until it crashes — DDT shows the point of
segfault, abort or exit — before it has quit

— Crashed yesterday
* Load up the core file and look at where it crashed
— Crashes sometimes

* Possibly a memory error — turn on memory debugging and
force the problem

— And many other scenarios — not just crashes

* It helps when maintaining and developing code

— When you need to know how it works to add a feature
* Load DDT and just watch how your program runs

www.allinea.com



SHIESIEE=N DDT - Distributed Debugging Tool

SCALE TO NEW HEIGHTS

* A mature, powerful and highly intuitive tool
— Traditional focus has been HPC
— Developing new capabilities.....multicore, GP-GPU

* Cross-platform support
— Linux, Solaris, AIX, Super-UX
— GNU, Absoft, IBM, Intel, PGl, PathScale, Sun compilers
— x86, x86-64, ia64, PowerPC, Cell, UltraSparc, NEC
— Support for all major scheduling systems
— Across all MPls
— OpenMP and Threads

allimnea ddt

the distributed debugging tool

o

BOALE TO MEW HEIGHTS

www.allinea.com



S IRRI==N The basic features

SCALE TO NEW HEIGHTS

* Automatically locates source files
* Step, play, pause
* Breakpoints and data watchpoints

* Fortran 90, 95 and 2003
— Modules, allocatable data, pointers and derived types

* C, C++ support

— Structs, classes, pointers, STL, namespaces, virtual
functions and templates

— Catch exceptions at throw or at catch point

www.allinea.com




S| e==0 Features for multithreading

SCALE TO NEW HEIGHTS

www.allinea.com

* Perform actions individually or collectively

* Breakpoints for all or per thread

* See all threads at a glance
— Parallel stack view shows threads and groups common

stacks

Session Control Select Search View Help

HCurrent Gmup'IAH 'I Focus on current: ¢~ Group & Process { Thread [l_ Step Threads Together

| @E‘ﬁ‘:‘ @E@E@E@ﬁmnnn I:IIEIQ

DDT is waiting for thread 4 to finish
before it can step the rest. You

can wait, skip it, or try it again after the
other threads have stepped.

Thread Status | Skip | Try later
thread 0 done

thread 1 done

thread 3 skipped

playing

thread 5  waiting

thread 6 waiting

thread 9  waiting [«]

i

Lol ]2 I a5 e J7]

B 00000000000000®®

Skip All

| pc.c x|
ikpoints (Process 0) |Watches ‘Stacks (Process 0) (4 void *consumer {void *qJ
- £
Threads |Funct|0n | queue *fifo;
= int i, d;
2 fconsumer(pc.c 118) Fifo = Cqueue *da;
18 Eiconsumer (pc.c:112) for (1 =0; 1 < LO
1 +producer (pc.c:85) D‘tF] read_mu
1 +main (pc.c:60) while (fif
pr
-]
= : bt
Project Files IFortran Modules | queusDel
= - - thread_mu
Project Files =l g‘th read_co
j-ﬂSourceTree rintf C"c
. = Slhome © _
o Bl david ) ‘
- E1ddtHEAD-Fedora-5-686 For 0 = e o
tpec while (Fif
i Etmp b pr

4 S3Header Files

pt



ST Features for parallel codes

SCALE TO NEW HEIGHTS

* Support for every MPI
* Control processes individually or by groups
* Visualize message queues

{_]Allinea Distributed Debugging Tool - home/matyddexampleshelloc]

Session Select Search View Code Help
JJCurrent Group:l Crash j | 2 | R g = a‘

MPL_COMM_SELF

printF{"L have %d arguments,sn ",‘argé)}
printf {"StHow many did I say?n');

f-ﬁHeader Files oo printf{"They arei’n™);

=3 Source Files fnr‘(’ilzﬂ’i Arort ity
8 N On thiz line: R'. i arge[ill:
~[Ehelloc

Workers (3.0, 5.0, 8.0)
All3.0, 50,80 i
Cragh (3.0, 5.0, 80) F &n environment too\n"):
Breakpoint for Crash E,;\\,Tr;qﬂ)

priftf " Ezi\n", ®enviranl:

Update |

£ Show queues intable

www.allinea.com



SUNSEEN \icwing concurrent data

SCALE TO NEW HEIGHTS

* Cross process/thread comparison

S//C Distributed Debugging Tool - [fhome/matt/ddt/examples/hello.c]

Session Select Search Yiew Code Help == x|

||current Group: [ a1 leJb | I {I'}Mg st=l §|

Expression Imy_rank + randam()%4 Compare |
—————————————————— [ Aray mode - evaluate for | i’ oio i’
[ Praject Files o _ = read:
»}-ﬁHeader Files [~ Limit comparison to 3, sf “PID unknown j
=S Source Files Compare | Statistics | Visualize | pok .
debugutil.c 0 main (arge=1, argv=C x|
- [Ehello.c i . Briahles:
Comparison of a single value locals | Current Lina(s)

ariahle Mame  Value
-ty _rank 0

value

Comparison of a single

1 |

Stdout | Stderr | Breal

pe: none selected

Evaluate:
Expression | Value

Process |Expres

- -

www.allinea.com




allines Viewing vast data

SCALE TO NEW HEIGHTS

* Visualize multidimensional data
— From 2D viewer to new multidimensional viewer

— 3D OpenGL array viewer (stereo !

DDT - Multi-Dimensional Array Viewer

Array Expression: ‘iarray[si][sﬂ[sk][s\]
Range of $i Range of §j Range of Sk Range of §I

Erom: |0 El: Erom: |0 Erom: |n i‘ Erom: |n fl
e .
Display: |Rows - Display: |Rows - Display: ‘ Rows j Display: ‘ Columns j

I™ Auto-update

j

4

b

To: 24 = To: 24

aLd
4

Aggregate Function: |Sum -
I Eilter: [= +] |

} Statistics |

o [1 [2 [3 Ja J5 Je [z [8 o J1o J11 J1z [13 [14 [15 [16 [17 [18 |19 |20 EJ
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360| 380 400 420
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380/ 400 420 440
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400| 420 440 460
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420| 440 460 480

100 120 140 160| 180 200 220| 240 260 280 300 320 340 360 380 400 420 440 460 480 500

120 140 160 180| 200 220 240| 260 280 300 320 340 360 380 400 420 440 460 480 500 520

140 160 180 200| 220 240 260| 280 300 320 340| 360 380 400 420 440 460 480 500 520 540

160 180 200 220| 240 260 280| 300 320 340 360| 380 400 420 440 460 480 500 520 540 560

180 200 220 240| 260 280 300| 320 340 360 380| 400 420 440 460 480 500 520 540 560 580

10 | 200 220 240 260 280 300 320| 340 360 380 400| 420 440 460 480 500 520 540 560 580 600

11 220 240 260 280 300 320 340 360 380 400 420 440 480 480 500 520 540 560 580 600 620

12 | 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640

13 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660

14 | 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680

15 300 320 340 360 380 400 420 440 460 480 500 520 540

0

1|
El
|
[4 |
5 |
[6 |
7 ]
[z |
El

l

Expression "iarray[Sil[Sjl[SKI[SI]" evaluated for process 0 at 11:49.

Visualize in 3D | Export to Spreadsheet... Close

www.allinea.com



allinea Scaling up

SCALE TO NEW HEIGHTS

* Increased thread and processor counts are coming

— Desktop multicore and GPUs - multithreading by default
— 1,000+ core clusters everywhere

 DDT allows control of 1,000s of processes
— An MPI application or a custom network of processes
— Highly threaded codes GPUs, and (very-) multi-core ready
— Or many single core Monte Carlo applications

DDT 2.4 Measured Timings
Dual Core 2.0 GHz 1GB RAM frontend

B Startup
¥ Step Over
= 20

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

www.allinea.com
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S|TREEN Finding rogues quickly

SCALE TO NEW HEIGHTS

* Parallel Variable View
— Find processes or threads with different data

* Parallel Stack View
— ldentifies classes of process and thread behaviour easily
— Allows rapid grouping of processes

* Integrated with process groups

www.allinea.com




allines Using groups for process control

SCALE TO NEW HEIGHTS

Allinea Distributed Debugging Tool [ ¢ At I owe r pa ra I I e I i s m

—=

Session Control Search View Help

jFocusoncurrent:(?Group (" Process  Thread II' ‘Hbrﬂi = PD ﬂ ﬁ <ﬂ 8‘ _ See State Of eaCh

[ [a] ]|l st s s for e f oo faofr f e sl el sl sl s o ot e oo e process

[°]

HCurrent Group:l Al

— Drag and drop to

manage groups

Session Control Search View Help ) A 00 000 f
”Current Group:lAII jFocus on current:  Group " Process ¢ Thread [T |JJ B |7 |:| | A t 1 s or 1 s o
64 processes (0-63) Paused: 64 Running: O Finished: 0 processes

Currently selected: - Jump to code

1 process (0) Paused: 1

Create group

63 processes (1-63) Paused: 63 - S u m m ary Vi eW g ives

Copy this group

Project Files | Fortran Modules 11 dint main{ int argc, char *argv[ i . ; 1 I
froec e e . Create group WIthout » unring rapid overview and
E@ Project Files 13 int done = 0, n, myid, nump Finished
i =150urce Tree 14 double PIZSDT = 3.14153265% fnishe
_ 15 double mypi, pi, h, sum, = ]
+-SHeader Files 16 double startwtime = 0.0, er
5 i 17 int namelen; Change colour l I I I I f t I
+-E3Source Files 18 char processor_name [MPI_Max 9 Sa e eve O Con ro
—19 SHTIle —
21 MPI_Corm_s1ze (MPI_COMM_WORL Load groups...
22 MPI_Comm_rank{MPI_COMM_WORL group
23 MPI_Get_processor_name(proc Detailed View
24
25 fprintfistderr,"Process %d | , Summary View
myid, processor_namel;
Automatic
n=0;
29 vhile (ldonel
-

www.allinea.com



SURSEEN How to get started at NERSC

SCALE TO NEW HEIGHTS

* Compile your code — with “-g” option

* Bring up the DDT GUI - “ddt”

* Select your program

* Click submit! DDT submits the job for you.

* Is it that easy?

* Not quite:
— Temporarily complicated until MPT update to 3.1
* module unload xt-mpt/3.0.2
* module load xt-mpt/2.0.53b
* Recompile your code

www.allinea.com




allines Considerations for NERSC

SCALE TO NEW HEIGHTS

* [Interactive sessions?

— Change “Session/Options/Job Submission” so that DDT
does not submit for you.

* “gsub -l ....” and wait, then launch DDT in the shell

— Why would | do that?

* Quickly and repeatedly try something: run 10 times in a 10
minute session instead of waiting in the queue 10 times

— Why wouldn't | do that?
* Easier not to —is a trade off —it's convenient if your program
runs for a while
* Using the queue differently with DDT
— Can change the default queue at click of button
* Click “change” on launch page default is “debug”
— Can use DDT up to 1024 processes
* “regular’ queue, not “debug” queue
* But remember your budgeted hours....!!
— Change the walltime in the same manner

www.allinea.com



a”inea

SCALE TO NEW HEIGHTS

Interlude!

DDT demo

www.allinea.com
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SCALE TO NEW HEIGHTS

A Tour of Memory Debugging

www.allinea.com




SRE=] Focus on Memory Debugging

SCALE TO NEW HEIGHTS

 DDT's memory debugging works with the Heap
— Memory allocated via allocate (F90), malloc (C), or new

(C++)
DDT B
User Code /
[\)e —
l)or[S . L
220y, N\
) Wrapper
T g@ [O
Standard Library
www.allinea.com




SN Miemory Debugging

SCALE TO NEW HEIGHTS

www.allinea.com

3 . Allinea Distributed Debugging Tool _

Session  Selkect Seamh

¥iew Hep

0 = === =

JJGunEntGrDup:IAII =

Check your overall
memory usage

Fmrject Fiks

+- 5 Header Fiks
= = Soume Fies
[ check 190
[ dinnet

r_ﬂ gendata.fao
m matnmm.fa0
|—_ﬂ mod_triso L f90
r_ﬂ nummi.f

i [ sohe a0

4 [ trisalr=0

< | ol

Stdout ISnderr I St
Cumently DisplEying: | Al

; Thread
! Check the solution 0: FID unknown =
! Stack:
I #0 trisol () at fhame/fstefit ¥ |
CALL CHECK (a.b.x,resnrn .
~_ Overall Memory Stats -2 Ly
| Table Wiew |
...
Tobl bytes dllocatedtiesd Tofal number of memory allacationieallacafion calls o

300,000 — 225
500,000 — 200{ el
700,000 | 1753
500,000 | 1503
500,000 1 125 R R R P E—

1 Legend ] Legend
400,000 totel dllocated bytes 100 allocation calls

i totel freed bytes ] deallocation calls
00,000 | 75 -
200,000 — s
100,000 —| 25

1 Il Il ] H H H H H
PO P1 P2 PR3 P4 PE PE PT PO RA P2 P3P+ PS5 P& BT
Chee




allinea Leaks

SCALE TO NEW HEIGHTS

 Common C coding error, increasingly in F90

~ When memory is not released after use

* Kills job if repeated too often, eg. calls to leaky function

~ First identify if there is a problem

~— Then find it..
void fun()

{
Car *p;
p = new Car();
/>I<
... do something
*/
return;
}

www.allinea.com
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Check your current

memory usage and

where memory was
allocated

Checking for leaks

Locate where
memory was
allocated in depth

JJGunEntGrDup:IAII VI > {_1} ﬁ {l—} EL ET EJ Elr|

3 . Current Memory Usage -=

All

P Gmphicalview |Tame\rew |

Totel Ackoss Processes (in Bytes) ‘

%Usa@e Atross Processes (in Byhes)

200,000
j

fEPeR " "DDT - Pointer Details &

Pointer: 0x41215000
Size: 199260 bytes

This pointer was albcated at:

Stack frame
#0 ([Dx20906=f - for_alocate)
#1 142090797 - for_albc_albcatmhie)
#2 triso |.FA0:40 Dx2041216 - trisol)

%3 [D4B04d2e8 - main)

Allcation Details

-3 ptre fom 0x80006ef
'tr. 0x41 215000, size: 199360
Ptr. 0x41246000, size: 3560

L Ptr O 247000, size: 3580

Glicking on one of the above lines will jurmp to that lbcation in yourcode

www.allinea.com

Stdo

Cumen

Legend
Largest sef (bytes)
2nd largest set (hites)
3rd largest set (bites)
41h largest set (bytes)
st largest set (butes)
other allocations (bytes)

Process +  Process6  Process2  Process3  Process 5 Process 7 Process 1 ProcessO

Clos=

3 . Allinea Distributed Debugging Tool -=
Session Select Seamh View Hep

|




SUTREEN iemory Errors

SCALE TO NEW HEIGHTS

www.allinea.com

Dangling Pointers

- Pointer variables pointing to memory after it has been

discarded

~ Pointing to discarded memory now reissued to another

role

We can prevent both

Car *p, *q;

p = new Car();

qQ = p;

/

... do something
*/

delete p;

/*

... something else
*/

g->drive();




S URSEEN Beyond Bounds Reading

SCALE TO NEW HEIGHTS

“Guard Pages”

— Instant protection against read/write outside an array
|

Array

DDT uses OS to lock the page
— Above or below for protection (but not both)
— Or lock more pages.. for multi-dimensional arrays

* .. and can still allow you to continue!

“Fence post” checking

— Periodic protection against write outside an array — at both
ends

www.allinea.com
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allinea Memor

y Debugging

3 . Allinea Distributed Debugging Tool _

Session Select Seamh View Hep

JJGunEntGrDup:IAII 'l » {_1} ﬁ

&3 E|E S5

1]

+ m matnmm.fa0
+ |—_ﬂ mod_triso L f90

+ r_ﬂ nummc. §
+[F] ook f0

+- [ trisaltg0

/

Stop immediately on
reads beyond array
end and common
errors

| Froject Fies = , Cherk the
+- 53 Header Files I
= Sy soure Fiks '
- mcheck a0 CALL CHEDK
+ . |'_,‘1 dnnf !
+ [ gendata.f0 I Print the
'

L] anrm = MATH
IF (ne.LE.O

brm = M
“nrm = M
tol = re:
IF (fol.

solution

(a,b,%, rasnen)

Processes 0-7:

Program stopped in vfprintf from /lib/libc.50.6 with signal SIGSEGV.
Reason/Origin: address not mapped to object

Your program will probably be terminated if you continue.

You can use the stack controls to see what the process was doing at the time.

I# Always show this window for signals

[ Continue |

mentgmup] I Eeakpoints IWsn:hes I

-

-

3

Evaluate:

Thread:

0: PID unknown LI
Stack:
I#o trisal {} at thomelstetit ¥ |
Varablks:

Locak | Cument Lineis)

Varable Mame | Value
i MATMRM Ox20de...
“eanm 218299..

IT!EEZ none s=kected

Euspession | value

www.allinea.com




allinea Using memory debugging

SCALE TO NEW HEIGHTS

Memory Debugging Options

[ Preload the memory debugging library: ! Language: | C/Fortran, threads -

Note: Preloading only works for programs linked against shared libraries. If your program is
statically linked, you must relink it against the dmalloc library manually.

jeap Debugging
None (fewest tests, picks up invalid pointers passed to memory functions)

Runtime (fast, basic tests including fence-post checking, null handling)

Medium (adds full heap checking, always relocates block on realloc)

High {adds checking for arguments to common functions)

r H
'
~
¢ Low (adds minimal heap checking, overwriting of allocated/freed space)
-
-
-

Custom:

— Heap Overflow/Underflow Detection
¥ Add guard pages to detect out of bounds heap access

Guard pages: 1 =
Add guard pages: |After -
— Advanced

I™ Specify heap-check interval: 3:

Application: I;‘data;‘gcuckaVSfcude.fducumentsfl'ra\ninngrcgramS.fcp\fcp\‘

Arguments: I ] Cancel

[~ Run Without MPI Support

MPI Implementation: generic Change...
Number of processes |4 3: Number of threads (OpenMP only): |4 3:

<< Advanced

MPIRun Arguments: [ R

MPI Environment:
(additional variables)

[~ Pause when the program reaches exit or _exit

¥ Pause when the program reaches abort or has a fatal MPI error

Input file: I ﬂ
¥ Enable Memory Debugging  Settings... |

Cance|

 Easy to use

— Tick check box to enable and
use the default, or choose your
own settings

— Do not tick “Preload” - we use
link explicitly on Cray

* Relink

— Use “-Bstaticddt” compile option
at NERSC



a"inaa Q & A: Open Floor

SCALE TO NEW HEIGHTS

* Any questions?

www.allinea.com
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