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Tutorial Agenda

* Introduction to Rogue Wave and TotalView
« GPU accelerator architecture challenges

 Crash course on debugging CUDA with TotalView
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Rogue Wave Synergies

The largest independent provider of
cross-platform software development
tools and embedded components for the
next generation of HPC applications

Y o
ROGUE WAVE Pl Totawview

S 0O FTWARE TECHNOLOGIES

Visual Numerics’

Leader in embeddable

mathematical and
statistical algorithms and
visualization software
for data-intensive
applications

Leading provider of
enterprise class C++
components and
infrastructure for high
performance applications
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Industry-leading
interactive analysis and
debugging tools for the
world's most
sophisticated software
applications.
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Rogue Wave Major Product Offerings

SourcePro

SourcePro C++

* Vendor neutral * Cross-platform © Matrix manipulation
database access networking o Linear algebra
* Single DB Interface  Secure networking  Currency conversion
* Network protocols o Curve fitting

SourcePro Core

0/S & Hardware

Most widely ported C++ framework available: Over 60 platform/compiler combinations

TOTALVIEW

TECHNDODLOGIES

ROGUE WAVE® HYDRA

éclipse DEPLOY W

CONFIGURE Transport Layer

P ITERATE [ .
ROGUE WAVE HYDRA L"_'i [

Service Execution

Service Grid




Fhh Totawview

TECHNOLOGIES

TotalView Debugging Ecosystem

_ _ _ Memory Debugging with MemoryScape
Reverse Debugging with ReplayEngine Debugging with TotalView

Wanaye Frocesses Memar) DeTUBIs Onlons Tt
Flle Edit View Group Process Thread Action Point Tools Window

=l A Help s 6, 2007
N R X o | . e
1 vead 1(3179) ped) <Trace Trap: = . = ve Fapar
P Stadk Frame even A D W 59 3 @ BT o
F 5 *funch even 1] Other Raports categores Memary Debugging Options  Tips
0x00000006 (6) Go  Halt Kil Restat | Nest Step Out | RunTo T
b1 Wietons e age Heperts
Oxb7abldfs (-120 Rank 0: cycle-linux-<36-64.0 (Stapped; Lo Detzstion fapons
ZTEE‘:'?&-': {raor Thread 1 (Stopped] <Stop Signal= =L
. il bl Stack Trace 2 Stack Frame nape Fitess
B teatatara for ‘che’ fxkns: , __select, FP=Tfbfffaldl |4 [Function 'main® [X
Fiington findB R 4 Socket_recy,  FP=7EbFffa2dd arge: 0200000001 (1) |
FancB{int b1 [ 5 recy_messags,  FP=TEbFffa2fll argy ££fedbB ->
pd_reev, FP=TEhf££a340 | |||Local varishles Process Seecton
MPID_GH_Check_incoming, FB=7fh| messagel (float.[100])
MPID RecvComplete, FP=Tfhiffed| message?:  (float(100])
MPID_RecvDatatype, FP=Tfbfffed| rank 000000000 (0) e PR T
PIPI Fecv, FP=TfhfffeScl dest: 000000001 (1)
| main; FE=TEhE£E2950 source 000000001 {1}
i libc start main, FP=Tfhfffed/|] send tag.  0x0000004b {75)
2 Function main in cycle.c B o
Tl 120 * [ [ ] 1]
R PEZRERES) 12  printf ( * Task &d has sent the message'n", rank };
SuReRt oAy i 122 fflush (stdout);
| 123 if (rank <= 1)
v 124 {
128 MPI_Send ( messagel, MSGLEN, MPT_FLOAT, dest, send_tag, I e —
MPI Recv ( message2, MSGLEN, MPI_FLOAT, source, recv_tag, ]
187 Zatatus §: Hean Informat
178 printf { * Task %d has received the message\n”, ramk ):
129 +
130 else
131 { £
=R if (rark == 2)
133
134 dest = 0;
i oo #
=) T P
action Pmnls] P@:esses] Th[eads] P-| Pe] 7| T . . .
‘ ¢ Batch Deb th TVS t
Kl EN KN KN | atc epu Ing wi Cri

N R A DR

|

! Process:

I ./server (Debugger Process ID: 1, System ID: 12110)
! Thread:

! Debugger ID: 1.1, System ID: 3083946656

! Time Stamp:

I 06-26-2008 14:04:09

Remote Display Window

Easy Secure Fast

I Triggered from event:

! actionpoint

! Results:

! foreign_addr = {

! sin_family = 0x0002 (2)

! sin_port = 0x1fb6 (8118)

! sin_addr = {

! s_addr = 0x6658a8¢c0 (1717086400)
! }

! sin_zero

"
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.. TOTALVIEW

What is TotalView?

A comprehensive debugging solution for demanding
parallel and multi-core applications

w /home/ehinkel/Source/combined
File Edit View Group Process Thread Action Point Instrumentation Tools Window — Help
Group (Control) /|D Il . I’ g @ g L o ‘g 3 g ? ’I

= Go Halt Kill Restart|Next Step OQut Run To|Prev UnStep Caller BackTo Live

Process 1 (5274): combined (Stopped)
Thread 1 (5274 (Stopped) <Trace Trap>
Stack Trace A

Wide compiler & platform
support

e C, C++, Fortran 77 & 90, UPC
* Unix, Linux, OS X

Stack Frame

° Handles Concurrency [+ ] Circle::area, ) FP=b£8d9fc8 |%||Function "Circle::area": A
. . [c++ ] Circle::not-in-charge ('Jirclei3 Fg;lgj this:$ § 0xbf8dalal -> (s
- [c+] Cylinder::Cylinder, FP=bf8da Block "$bl":
* MU|t| threaded Debugglng IE%II arrays, *FP=bfgda%ég result: 1.52482386217018
. C++ | main, FP=bf8da
° Para"el Debugglng __libe_start_main, FP=bf8dalf8 Registers for the frame:
*  MPI, PVM, OpenMP %eax: Oxbf8dalal (-108123
£ %ecx: Oxbf8dalb4 (-10812345
«  Remote and Client/Server Debugging Function Circle::area in combined.cxx e {4

424] } Al

3%76 // Your basic circle area function
428 double Circle::areaf) {
429 double result;

* Integrated Memory Debugging
« Reverse Debugging available

. = result = PIT * m_radius * m_radius; // Our old friend, pi r squal
. ReplayEnglne add on 732%\ return result; Y T
|
H 433
* Supports ava“ety Of Usage MOdeIS 434 // B Simple 3-D figure - class exercise: Do a cone figure in the
435 // fashion. - I forget how to calculate the surface area of a coify
« Powerful and Easy GUI i =
«  Visualization Action Points] Processes | Threads | Pe] P| T-] T+
combined.cxxi%gg derived_class+0x8949 Al
inti combined.cxx printArray<int>+0x49...
e CLIfor Scrlptlng combined. CXxﬁggg user_ter(r)lng%es+0x3e J
. . combined. cxx arrays+0x
° LOI’\g Distance Remote Debugg'”g combined.gxx#592 comb?ilie_waves_worker+0x17
. 570 comb:!.ned.cxx#608 parallel combine_waves+0x24
6 ° Unattended Batch Debugglng Aramhinad ~ve#A7N wrhrasde 1aantNv A1 £
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What is MemoryScape?

Simple to use, intuitive memory debugging

& Memory Debugger
Streamlined
Lightweight
Intuitive
Collaborative

coCcoCcoC

& F[eatures

& Shows

& Memory errors
& Memory status

¢ Memory leaks — Tech
& Buffer overflows * Low overhead
& MPI memory debugging * No Instrumentation
& Remote memory debugging _ Interface
. Inductive

. Multi-process
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TotalView and MemoryScape

June 11, 2003 Memory Debugging Session
Add Programs _hemory Debugging Guide
Add new program
Add parallel program

zﬁadtgcu‘rz rl."’l';”'”g program temory debugging dala is available for analysis. Select a report to view memory debugging data,

You can use TotalView and

Heap graphical repart
Generate Reports

Analyze your memory debugging data

Heap status source repon

Heap Status Reports Memary debuaaing repors summary
M e m 0 rySC ap e to g et h er O n an EA}}EE{ZE%Q%E’%EEESM Process Status and Control

- .
application.

i‘

Compare Memory Usage

File Edit View C
Fiis S A E |Running
Other Tasks

Graup (Cortrol) || B Rismey Cei

& More precise control

main,
_ lihc_start |

2.42] -

& Breakpoints

2.1

@ Stepping
@ Visibility into

& Memory behavior

Function main in fork_loop.cex = =
pthread_mutex init (fusr2 receiwe_lock, &mabtr);

%%‘ pthread_cond_init{&cv, NULL);
1123 #if _ATHdd

1124 pthread_rwlock_init(&rwlock, NULL);
1125 #endif

1
% my_pid = getpid();
=  if {arge > arg_count & (arg = argv|arg_count]) &% isdigit(*arg))

i
fork_count = atol {(arg);
arg_count+s;

yoOAYAE +/

if (args_ok &% argc > arg count &% (arg = argv[arg_count]) &% isdigit(*arg))

%gg {
% threads_per_copy = atel (arg);

if (threads_per_copy > FORK_LDOP_MAX THREADS)
:

& Variable contents

& Advanced features

& Heap baseline

1.~
agtion F‘mms] Prgcesses] Th[eads] = = | LlJ_

1 fork _loop cowllZ5  Forker+0x53%
3 fork loop cowll26  Fforker+0x53f

4 fork_loop. cewl041 Fork_wrapper+0Oxlf
2 my_important_func (pending)

& Dangling pointer annotation

& Memory painting



Replay Engine  FEH Tarawviey

- e =[0[X

Q File Edit View Group Process Thread Action Point Debug Tools Window Help ‘;
PHE B 593 » 9 ala =N Preyv
Ne}{t Sroup {Contel —II Go Halt Kill Restart|Next Step Qut Run To|Prev|UnStep] Caller BackTo Live
== Process 1(9179): ReplayEngine_demo {Stopped) =
= Thread 1 (9179) (Stopped) <Trace Trapz
\{g Stack Trace - Stack Frame i
. c++ | funeB, FP=bfeaebc8 - i " b A
Ste Fe fanch: Fhontoastas | (|| UBSton TTUReR 50000006 (6) | UnStep
p e+ ] funcB, FP=bfeae?78 Block "Sbl":
[Ce++] funch, FP=bfeae798 o Oxb7eb14£f8 (-120
[+ ] main, FP=bfeae7c8 i Oxbfeaebtdd (-107
_libe¢_start_main, FP=bfeae828 v {int [20])
_start, FP=bfeae830 p: Oxbfeae720 -> 0x
® Captures exeCUtlon hIStOry Registers for the frame:
7 /
e Records all external input to Function funcB in ReplayEngine_demo.cxx | ]
41 i i A
program - int jf.ggcg;(lnt b){
. 43 int i;
« Records internal sources of non- || 32 1 7 DVENDEETHL)
determinism e
. . 48] p=&c;
« Replays execution history B el conomm ) |
; L 51» =funch(c};
« Examine any part of the 52 CoomeRen ;
. . =~ ]
execution hIStOTy Action Points] Prgcesses] Th[eads] P-| P+ T-| T+
4 Step baCk as eaS”y as forward 1 ReplayEngine_demo.cxx#57... funcB+Ozde...
« Jump to points of interest

« An add-on product to TotalView
* Support for
* Linux/x86
* Linux x86- 64
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TotalView Debugger for CUDA
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NVIDIA GPU accelerator architecture

& Used in conjunction with conventional CPUs
& Acts as an accelerator to a host process
& Host processes may be clustered together using MPI
& Distinct processor architecture
& Compared to host CPU
& Features vector instructions
& Many more cores than an SMP
& Hundreds of streaming multiprocessors
& Potentially 10k+ thread contexts
& Hierarchical memory with more layers
& Local (thread)
& Shared (block)
& Global (GPU)
& System (host)
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GPU Compute Accelerators

& Technology Trends
& CPU Processors Multi-Core
& GPUs have very many extremely simple cores
& Leverages gaming/graphics market

& Multiple Vendors
& NVIDIA Tesla and Fermi
& AMD Firestream

& Multiple Potential Language/Runtime Choices
& NVIDIA CUDA for C
& OpenCL
& PGI CUDA for Fortran
& CAPS HMPP
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Programming for the GP-GPU

& CUDA

& Function-like kernels are written for the calculations to be performed
on the GPU

& Data parallel style, one kernel per unit of work

& Presents a hierarchical organization for thread contexts
& 2D grid of blocks
& 3D block of thread

& Exposes memory hierarchy explicitly to the user

& Includes routines for managing device memory and data movement
to and from device memory using streams
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Programming challenges

& Coordinating CPU code + device code

& Understanding what is going on in each kernel
@ EXxceptions

& Understanding memory usage

& Understanding performance characteristics
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TotalView CUDA Debugging Model

Linux-x86_64 CUDA process (1)

Linux process address space CUDA thread (1.-1)
Device address space GPU
Li th 1.1 ;
inux thread (1.1) GPU focus thread
Linux
executable
- and shared
Linux thread (1.2) libraries CUDA thread (1.-2)
Device address space GPU
GPU focus thread image

& A Linux-x86_64 CUDA process consists of:

& A Linux process address space, containing:
& A Linux executable and a list of Linux shared libraries.

& A collection of Linux threads, where a Linux thread:
& |s assigned a positive debugger thread ID.

@ A collection of CUDA threads, where a CUDA thread:
& Is assigned a negative debugger thread ID.

& Has its own separate address space



Compiling for debugging (SDK 3.0)

nvcc —g -G —c tx_cuda matmul.cu -o

tx_cuda _matmul.o

& nvcc —g -G —Xlinker=-R/usr/local/cuda/lib64 \
tx_cuda matmul.o —o0 tx_cuda_matmul

& Compiling for Fermi

& -gencode arch=compute_20,code=sm_20

& Compiling for Fermi and Tesla

& -gencode arch=compute_20,code=sm_20 —gencode
arch=compute_10,code=sm_10

16
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Starting TotalView

[#] ./tx_cuda_matmal

No current thread 3|0 curcent thread

printf("%z:%n", name);

for (int row = 0; row < A height; row++)
for (int col = 0; col < A width; col++)
printf ("[%5d][%5d] =f\n", row, col, A elements[row * A stride + coll]);

¥

158 // Multiply an m*n matrix with an n*p matrizx results in an m*p matrix
160 // Usage: bx cudamatmul [ m [n [ p ] ] ]

1ol // m, n, and p defawlt to 1, and are multiplied by BLOCK_SIZE.
162 int main(int argec, char **acgv)

& When a new kernel is loaded
you get the option of setting
breakpoints

i

A cudaSetDevice{0);
const int m = BLOCE_SIZE * (argec » 1 7 atoifargw[l])
const int n = BLOCK SIZE * (arge » 2 7 aboifargw[l2])
const int p = BLOCK SIZE * (arge » 3 7 aboif{argw[3])
Matrix & = cons Matrix(m, n);

Matrix B = cons_Matrix(n, p};

Matrix C = cons_Matrix(m, p);

MatMul(d, B, C);:
print Matrix(a, "A"};
print_Matriz(B. "B"};
print_Matrizi(C. "G"};
ceturn 05

& You can debug the CUDA host code using the
17 normal TotalView commands and procedures
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Debugging CUDA

[¢] ./tx_cuda matml

File Edit View Group Process Thread Action Point Debug Tools  Window Help|

Group (Control) b " . i’ 5 '@i Q @@ &g % § »& §§

Go Halt Kill Restart| Next Step Out Run To GDBaCK Frey Un&tep Caller BaCKTD Live

Process 1 (13458): &_cuda_matmul (Stopped)
i | Thread -1 (1) @TEMP@CUDA@._cuda_matmul.aZ87873b (Stopped) <Library Loadeds>
Thread (X,y,Z) Ttack Trace T Stack Frame
CUDA kernel not stacted yet 4 || CUDR kkrnel not started yet
Block (x,y)

GPU focus thread selector for
changing the block (x,y) and thread

(2 [ E—

(x,y,z) indexes of the CUDA thread i
\{unctmn MathulKernel in Tx_cuda_matm\;l cu = B
a0 cudaMelcpyDeviceToHost) 5
81 /A Free device mem\ry

a2 cudaFree (d_&. elemerXs) ;

Select a line
cudaFree (d_B. elementy) ;

number |n a bOX to cudaFree (d_C. elementsY:
plant a breaprInt Matrix multiplication k§rnel called by Matrixiul()
88 _ Wobal  woid MatMulKerne\ iMatrix A, Matrix B, Matrix G)
89 T
a4
91 i - blockIdx v; J
92 i = blockIdx x;
CUDA host threads 93 #f Each ne sub-matrix Csub of
. Matriz Csub 1 . ackRow, bhlockCol);
have a positive — // Each threa At of Gsub
. 96 i
TOtaIV|eW thread ID  5TCF | float Cwvalue = 0
EL] /¢ Thread row and o
a9 int row = threadIdx.
100 int col = threadIdx x;
101 A Loop over all the sub and B that are
CUDA GPU threads 1IJ2 /¢ required to compute Cs i
have a negative action Pomts] Processes“Threads" | 2 + (- 2 P e T+|
TotalView thread ID 11 (47677260275040) T in _select_nncar\cel
-1 iy T in _ cuda_ cudaparm_ Z10SetElement@Matrixiif & 432 |

18
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Running to a Breakpoint in the GPU code

[ ./tx_cuda matwl
File Edit Wiew Group Process Thread Action Foint Debug  Tools  Window

Group (Contral) |[> ii ib § ‘%’ 9

Go Halt Kill Restart| Next Step Out Run T
= Process 1 (12635): t<_cuda_matmul (At Ereakpoint 1)

CUDA grid and block
dimensions,
lanes/warp,
warps/SM, SMs, etc.

Thread -1 (==2(0,00,(0,0,0)2>>): @TEMP@CUDA®.B_cuda_matmul. a287873h (At Elreakp0|nt1)
Stﬂzk Trace o Stack Frame

MatMulKernel, FP=1££649d0 [A||Function "MatMulKernel":
Dims: <<<¢1,1), (2, 2,1 3>, Lanes: 32,
TID: 12635, Regs: 128, Warps: 32, SMs: 30,_

A (Matrix const Bparameter)
E: (Matrix const Gparameter)
C: (Matrix const @parsmeter)
Block "$hl":
blockRow: 0x00000000 {0)
Stack backtrace blockcol: 0x00000000 {0}
T Csub: (Matrix @local)
and |n||n6d 3 Cvalue: <Bad address: zfl:
——— DA ~AAnnee s a1
functions / Function katkulkemel in m_cuda_matmu}sgu ElE Parameter
85 3 !
86

register, local and
shared variables

87 4/ Mabrix multiplication kernel called by MatrizMul()
88 _ glghal woid MatMulKernel (Matrix &, Matrix B, Matrix

an ,-" Elock row and column

91 t hlockRow = hlockIdx. v
GPU f th d a2 nt hlockCol = hlockIdx. x=;
OCus rea 93 // Each thread hlock computes one svh-matrix Csub of ©
L} Matrix Csub = GetSubMatrixiC, blockFow, hlockGol);

g /4 by accumulating results into Cwalue
=3 float Cvalue = 0;
95 // Thread rov and colu.m.n within Csub
99 int row = threadI

|Og|ca| COOfd'nateS | QE // Each thread computes one element of Csub

100 int col = threadI
101 /i Loop over all the su.b matric and E that are .
PC arrow for 102 // required to compute Csub D|Ve on a
103 A/ Multiply each pair of sub-matrices together .
by P L
h 104 // and accunulate the results Va”able name
the Wal’p for {(int m = 0; m < (& width / BLOCE_SIZE); ++m) {
106 A Get sub-matrix Asub of & to Open a
107 Matrix Asub = GetSubMatrix(a, blockRow, mn); 4 R .
= = variable window
actio uints] F'rgcesses] Th[eads] T O O O O 2 M
1.1 (47931380058944) T at 0xEh37e575095e0 A

1.-1 (0, 0y ¢0, 0,003 =1 in MatMulEernel

19
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Stepping GPU Code

& single-step operation advances all of the GPU
hardware threads in the same warp

& To advance the execution of more than one warp,
you may either:
& set a breakpoint and continue the process, or

& select a line number in the source pane and select “Run To”.

20
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Storage Qualifiers

Denotes location in hierarchical memory

& Part of the type

& Each memory space has a separate address space so
0x00001234 could mean several places

Storage Qualifier | Meaning

(@parameter Address is an offset within parameter storage.
@local Address is an offset within local storage.
@shared Address is an offset within shared storage.
(@constant Address is an offset within constant storage.
@global Address is an offset within global storage.
(@register Address is a PTX register name (see below).

Figure 7. Storage qualifier names

TOTALVIEW

TECHNOLOGIES
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GPU Variables and Data Display

[ & - Matrulkernel - 1.-1 | “@parameter” type qualifier
File Edit View Tools Window 7 FE indicates that variable “A” is
11 = /El = PR K€D W ‘ In parameter storage
Expression: A .ﬂzfdress: (x00000010 }

_ : Address 0x10 is an offset

Type: | @parameter const Matrix e
, — within parameter storage
Field | Type Value i

- witth int 000000002 {2)
- height i : :
e it 000000002 (2) Pointer value 0x110000 is an
- ste '”t PO T | offset within global storage
- elements float @global * O=00110000 -> 0 9 g

“‘elements” is a pointer to a
float in global storage

22
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CUDA Built-In Runtime Variable

The supported CUDA built-in runtime variables
are as follows:

& struct dim3_16 threadldx;

& struct dim2_16 blockldx;

& struct dim3_16 blockDim;

& struct dim2_16 gridDim;

& int warpSize;
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Device Threads and Warps

& Warps advance synchronously
& They share a PC
& Single stepping
& Advances the warp containing the focus thread

& Stepping over a __syncthreads() call advances all the
relevant threads

& Continue and runto

& Continues more than just the warp

& Halt

& Stops all the host and device threads
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Device Thread Navigation

& Two coordinate systems

& Logical and Hardware
& Logical: 2D Grid of Blocks, 3D Thread Within Grid

& Hardware: Device, SM, Warp, Lane
& Toggle to switch input
& Spinboxes
& Invalid selections are refused

& Logical coordinates are displayed elsewhere in the GUI

~| |~
Action F'u:uints] F'rgcesses] Th[eads] Phyl 0 (5 0 5 11 1505 1] i A s
1.1 (4756T2919939584) T at OxEb431£974429

1.-1 (1,11, 1,000 T 1n MatMulEernel
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GPU Device Status Display

Display of PCs across SMs, Warps and Lanes

Updates as you step
& Shows what

hardware is g Device 07
—Device Type
1 —Lanes
inuse -5k 041
—alid Warps oooooogooogaycoo
& Helps you m-Warp 10432 Block (0,1)
F-Lane 0532 Thread (0,0,0)
LpC 000000001 c37e540
map between F-Lane 1/3¢ Thread (1,0,0)
: LpC 000000001 c97e540
Iog I Cal and F-Lane 27532 Thread (0,1,0)
Lpc 000000001 c97e540
hardware mH-Lane 3/32 Thread (1,1,0)
. LpC 000000001 c97e540
(d0]0) I’d Inates Walid/Active/Divergen 00000001, 00000001, 00000000

¥-tarp 11732 Block (1,1)

Lane 0732 Thread (0,0,0)
Lpc Q000000M c97e360

Lane 1/3¢2 Thread (1,0,0)
Lpc 000000001 c97e3R0

Lane &/3e Thread (0,1,0)
Lpr AANANANNT ra97a3R0
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GP-GPU Beta

& Way for users to participate earlier in CUDA debugging with
TotalView

& Provide feedback into development efforts
& Find out

& How to manage and control GPU threads

& How to see data from thousands threads

& How to debug accelerated clusters using MPIl and CUDA
& Sign up now

& http://www.totalviewtech.com/

& Contact :Nikolay.Piskun@roguewave.com
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Thanks!

QUESTIONS?

www.roguewave.com
www.totalviewtech.com



