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Some history

* Along time ago (2007) in a galaxy far, far
away....

 The CUDA programming model is introduced

- Powerful, efficient and C based
- Understood and adopted by new groups of experts

- Existing codes modified to extract SIMD parallelism and
introduce CUDA kernels

- Performance of codes is optimized by overlapping device
and host, or rearranging memory usage inside device

* The first CUDA bug is created
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Allinea Software

« HPC development tools company
* Flagship product Allinea DDT

- The leading debugger in parallel computing
- The scalable debugger

« Record holder for debugging software on largest machines
* Production use at extreme scale — and desktop

- Wide customer base

* Blue-chip engineering, government and academic research
« Strong collaborative relationships with customers and partners

* Leaders in performance and usability
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Allinea DDT in a nutshell
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May 2011 - CUG 2011

» Petascale debugging
becomes real

« Allinea DDT 3.0 — lightning
speed — 100,000 cores and

Stacks (All)

beyond Frocesses !:unctinn
150120 —_start
« Record holder for largest e P s
maCh | neS 123‘52 - Flni?:tfaﬁ;ffs;?ijinitial.ﬁ!ﬂ:‘HBII
. Debugging at scale becomes sowsry s een commonicator cmmunicas 90300
fast, Slmple and routine Brreate_oon_communicator (communicate f80:303)

e Production use at extreme
scale on Cray XE and XT
systems
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Lift-off — beyond petascale

* Fairbanks, May 2011 — Cray XK6 announced

 Large GPU systems firmly on the agenda

e Allinea and ORNL collaborate to ensure GPU
applications debuggable at scale

- Petascale debugging, but with GPUs

- Core needs identified and key features and performance
specified

 How would the XK6 be programmed?
- Candidate pragma languages to remove CUDA burden

allinea

www.allinea.com



How do we fix GPU bugs?

e Print statements

o TOO IntrUSIVe x david@cuda:~/v3-0-17976fcode /ddt fexamples

i File Edit View Search Terminal Tabs Help

« Command line debugger? |(EEEECEEEtE

BlockIdx ThreadIdx To BlockIdx ThreadIdx Count Virtual PC Filename

® M gOOd Start. . ' (e,0,0) (135,0,0) (63,0,6) 832 0xP00000PAOb4das48 prefix.cu

(14e,0,0) (0,0,0) (143,0,0) (63,0,0) 256 0x000000000b4da848 prefix.cu

1 | 9
- Va”ables, source COde 4 (147,0,8) (0,0,0) (151,0,0) (63,0,08) 320 ©x000000000b4da84s8 prefix.cu
90
(156,0,0) (0,0,0) (158,0,0) (63,0,0) 192 Ox00000000Ab4daB48 prefix.cu
— 90
Large thread Counts (167,0,8) (0,0,0) (168,0,0) (63,0,0) 128 0x000000000b4da848 prefix.cu
90
0VerWhe|m|n9 (170,08,0) (0,0,0) (172,0,0) (63,0,0) 192 ©x000000000b4das4s prefix.cu

EL]
(174,0,0) (32,0,0) (188,0,0) (63,0,0) 928 0x000000000b4da848 prefix.cu

° TOO Complex ?291,9,6] (32,0,0) (212,0,0) (63,0,8) 1376 6x000000000b4da848 prefix.cu

90
(215,0,0) (0,0,0) (237,0,0) (63,0,8) 1472 0x000000000b4da848 prefix.cu

® A g raph ICal debugger- =m ?339,8,9] (8,0,0) (240,0,0) (63,0,0) 128 0x000000000b4da848 prefix.cu

---Type <return> to continue, or g <return> to quit---Jj
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GPU debugging with Allinea DDT

Almost like debugging a CPU — we
can still:

Run through to a crash
« Step through and observe

CPU-like debugging features

Double click to set breakpoints

« Hover the mouse for more information
« Step a warp, block or kernel

Follow threads through the kernel
Simultaneously debugs CPU code

CUDA Memcheck feature detects
read/write errors

Create Group

Current Group: | All + |Focus on current:
. I [N | | N (N

CUDA Threads (Process 0, simpleMPIKernal)

® Group (' Process (. Thread Step Threads Together Step CL

sk (o2} (o2} (o33 vene (o 33 (0 3} (0 P

- £ snapc_base_fns.
£ snapc_base_ope

- £ snapc_base_selg
- L stacktrace.c

Project Files 8 ® [ ' simpleMPLcpp R | m 5|mpIeMPI cu % |
Search (Ctri+K) ]&Q T my_abort (err) s }
35
36
- .L signal.c =
Hisig 37 IJ-‘"i‘:--.-‘ code
- simpleMPlL.cpp 38 Very mple GPU Kernel that computes square roots of input number:
@ simpleMPl.cu 39 _ _glo hal wvoid sj_mpl MPIK rnel{fl at * input, float * output)
- 40 {
- [0 slist.c i1 int tid = blockIdx.x * blockDim.x + threadTdx.x;
- £ snapc_base_clos 42 output [tid] = sgrt (input[tid]):

43
14
45

!
16
17

1

Initialize an array
7 woid initData (float * data
s 1

1

rray with random da t (betw 0 and 1)
1r1t dataSize)

foarfint 1 = 0. 1 AataSime. i++)

I I s Y I H

[ [

Input/Outp... ] Breakpoints ] Watchpoi... Tracepoints Tracepoint Out... | Stacks (All) Kernel Progress Vi..
Stacks (All)
Processes  Threads GPU Thread Function
8 8 0 +main (simpleMPl.cpp-92)

8 8 172032 smpleMP\KerneI (simpleMPl.cu:40)
169984 -simpleMPIKernel (simpleMPl.cu:39)
1792 SlmpIeMPIKerneI (simpleMPl.cu:41)

I 256 HEEEsimpleMPIKernel (simpleMPl.cu:42)

Jautofs/nal home/lecomber/MVIDIA/C/src/simpleMPI/simplelPI. cu:42
8 Processes: ranks 0-7
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Examining GPU data

 Debugger reads host
and device memory

« Shows all memory
classes: shared,
constant, local, global,
register..

 Able to examine
variables

e ...orplotlarger arrays
directly from device
memory

; DDT - Array Viewer [x] ol v3.0.rc2 BIEE
Array Expression: |input{$i] v
Distributed Amray Dimensions How do | view distributed arrays? s
Range of $x (Distributed)  Range of §i || Auto-update |
» 7 2 ®» [ 5

Display. | Rows s

Display. | Columns %

DDT - Visualization

File View Viewpoint
[ | Only show if.
Dot Tt

[

< Goto |0 visualize [ Export
i
0 2
x0 0.394382024 0,
1 0.432718098| 0407395214 0.
3 0490991831 0530233502 O
3 0404152334 0403803051 0.
4 0113737881 0293828964 0.
5 0.386504918| 0.760585427( 0.
5 | 0950459126 0299088421 0.
[0
o
[ § sendce thread_g

__select_noca

Cancel
E Grid size: 10000x1 Block size: 256x1x1

¥ @ FProcesso
¥/ Process1
¥/ Process2
/[ Process3
/[0 Process4
/[0 Processs
¥ [ Process6
VO Frocess7

/(% Alinea Distributed Debug... |[ % DDT - Multi-Dimensicnal ... |( @ DDT - Visualization

ElENS
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Overviews of GPUs

[ Locals ] Current Line(s) ] Current Stack GPU Devices | (] DeVice OverVieW ShOWS

+| GPU Devices & X .
i Attribute Name Walue SyStem propertles

- Ranks 0,21,35,98

s peees « Helps optimize grid sizes
U Compute Capability sm_20 o
Warpe per S 45 « Handy for bug fixing — and
= Lanes per Warp 32 . .
Ranks ﬁgg.i;tfgfigrr;zgﬁs?-a?,aa-119 E‘::Deuice deteCtIng hardware fallure|

« Kernel progress view
« Shows progress through

. —— kernels
Kernel Progress View ®
Kernel Progress . .
simpiev... N | | Click to select a thread
Kernels: 7

CUDA thread: <<<(1080,0,0),(0,0,0)>>>
Dimensions: <=<<(10000,1,1},(256,1,1)=>=>
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A New Hope

o Seattle, November 2011

« CAPS, Cray, NVIDIA and
PGl announce new
standard for accelerator
programming

- Access CUDA compute
power easily OpenACC.

- A common standard
e Allinea supports

. - ‘
debugging Cray CAPSE PGI
O pe N AC C com p | I er Innovative software for manycore paradigms

DIRECTIVES FOR ACCELERATORS

allinea
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November 2011

e Allinea DDT 3.1 —
iInnovation for all scales

Sparklines — automatic
data comparison

Offline debugging —
scalable hands-free

Static analysis —
automatic detection of
coding errors

Cray XK6 support

Cray UPC, CoArray and
OpenACC support

Locals
ﬂ Curreni Line(s)

Curreni Line(s) | Curreni S’Elch;l

Variable Name Value
T
L mype %-,LJ"L 2724

threads = calloc(
ids = calloc(si f(

init_mutex();

f(pth d t) nthreads);
h

pthread_mutex_lock(mutley);

for (1 = 0; 1 < nthreads; ++1) {
ids[i] = i'
pthre d _create (threads + i, NULL, &thread,

}

pthread m t nlock(m tl y}

for ( < nthreads
pthread Join (th d [i ] NULL) ;

return 0;

1
Memory leak: threads
Memory leak:

*q)

=0;
r=20; /* to be amen

=3
Lol =2 -
(=1 =
(2l
< o
™

ded by

D—' l'l'l'l' [=]

Js
d uble k =

= *(int*) g

ids
tile
tile
le
tid
ep(rand() % 31);

vola
vola
int i,
int
sle
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OpenACC debugging

CUDA Threads imainfick_L51_1) gk [0 = [0 |01 H e |0 H [0 H [0 H
Proj.... I Faortran ... I iy r:ducti:n.cﬁ |
Project Files 0 X A1 plot.height = 75;
Search (Crrl+k) < 42 plot.xoffset = O
| = . 43 plot.yoffset = G;
= oo ’ 44
Project Fil
.- raje nes 45 int ];
46 float dist;
47 float total:
48 coords_3d temp;
49
50 #pragma omp acc_region_loop reductioni+:tota
51 for (7=0: j<N: ++7) {
52 temp = nodes[q];
53 dist = distance(temp.plot.origin);
54
M55 coords_3d* ptr = &nodes[j]:
6
57 total = dist;
58 I
]
50 printf("total = %fin",total);
61
52 return (0);
63 }
[T 8 [ |7 I >
Inpurts Curtpurt * I Breakpoirts I Watchpaints Stacks | Kernel Progress Wiew I Tracepoints I Tracepaint O

Stacks

Threads I GPU Thr!alI Function

- Y

11 0 ___J[+Imain ireduction.c:58)

j — I:IEnpainS?ck_LS‘l _1 freduction.c:58)
k_L51_1 ireduction.c:51)
k_L51_1 freduction.c:52)

S o
TEE] 207 Lemaindck_L51_1 reduction .c 58)

e On device debugging with

Allinea DDT

e Variables — arrays, pointers,
full F90 and C support

e Set breakpoints and step
warps and blocks

e Requires Cray compiler for

on-device debugging

e Other compilers to follow

e |dentical to CUDA

« Full warp/block/kernel controls
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XK6 Status

 Interlagos update

 No problem — tested at

Session | Control  Search  VWiew Help

Scalel |eu B33 RE+ElEiclct ! A-D-
= || eurrent Group: [~ Focus on current: (¥ Group (™ Process € Thiead |[7 Step Threads Together |Step CUDA threads by |Euck k|
[
x Create Group
. I a St k n OW n I I l a O r G P | | CUDA Threads (Process 1, maingck_L27 1)  Biock = E T = e E | = =] £ Grid size: Bx1x1 Block size: 128x1x1
Proe.. Fortran M... || ¢ basicc [ | locals  Currertlin.. | cumentst.. | &
Project Files ax| <o HpLayma vmp AUU—LEYIUL—_LUUY privalc! ' a |current Lines)
u u P 27 for{i1=0; i<n;++i)
I S S e S I Xe d Search (Cri+K) LS 28 { Variable Name I\mlue |
l I & Project Files 29 t = inputl[i] = 4.0; :Ia -3
- 19 Source Tree 30 ]:"esultlll =t + a -b; HRrE ONE‘WT
i ade 31 input[i] = -6;
iles 32 .
. . . B bacicc 33 int xptr_a;
— <34 ptr_a = &a;
e priver 1ixes aepioye Il s
36 a = 4;
37
A3g int b = 7;
A39 int xptr_b = &b;
40 b = 8;
41 H
42 L .
[ | | LI 4 o f . ! LlJ [Type: none selected
- 3-Way debug sessions to T R BT e |
Stacks & X | Expression [vaie |
. . . Processes | Threads | GPU Threadl Function ;I
S ) o m— ) m—| =7
P 1 e | w— Eig
diagnose and fix a device- -
JEEm ] 0 Eig
TEE— 01! 7
L e b a— [ — __pthread_mutex_unlock _u:
h a n g 2 [ 2 ] 2048 E S maingick_L27_1 (basic ¢:41)
2 2 48

maingck_L27_1 (basic.c:27)
an

* Full OpenACC and
CUDA support
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What's next?

« Large Cray XK6 systems in
(or almost in) place

« ORNL Titan — 300,000 CPU
cores

« NCSA Blue Waters — 380,000
CPU cores

> K S

. Allinea DDT chosen for both 3§ P \ .{
systems — at scale === = \:\: \\(

« Watch out for improvements
over next 6 months!

« Kepler support for system
upgrades

allinea
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