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Introduction



Rogue Wave

What we do
» History
Rogue Wave helps organizations simplify — Founded: 1989
complex software development, improve — Portfolio company of Audax Group
code quality, and shorten cycle times — Acquisitions:
Visual Numerics: 2009
TotalView Technologies: 2010
ILOG Visualization for C++ : 2012
OpenLogic : 2013
- Klocwork : 2013
= ROQUEWQVQ ©2014 Rogue Wave Software, Inc. AllRights Reserved
ILOG Visualization for Java: 2014
« Customers * Global Locations
— 3,000+ in 57 countries — HQ: Boulder, CO
— Financial services, telecoms, oil and gas, — NA: Houston, TX; Corvallis, OR; Natick MA
government and aerospace, research and — EMEA: France, Germany, UK
academic — APAC: Japan
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Challenges of developing
for heterogeneous
environments



Challenges

» Number of CPU cores increasing but clock speed is static or decreasing
* How to program accelerators
— Lower level languages (OpenCL, CUDA)
— Directives based (OpenACC, OpenMP)
 New algorithms or programming models may be needed
* Data sizes increasing exponentially
* Memory is increasingly important

» Power consumption and constraints

= RogueWave © 2014 Rogue Wave Software, Inc. All Rights Reserved
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How does Rogue Wave help?

TotalView debugger

» Troubleshooting and analysis tool
— Visibility into applications
— Control over applications

« Scalability

» Usability

« Support for HPC platforms and languages

= RogueWave © 2014 Rogue Wave Software, Inc. All Rights Reserved
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TotalView Overview



What is TotalView®?

Application Analysis and Debugging Tool: Code Confidently

*  Debug and Analyse C/C++ and Fortran on Linux™, Unix or Mac OS X
*  Laptops to supercomputers

{F\Ie Edit “iew Group Process Thread Action Point  Tools  Window ﬂe|p|

e P WE B

Go  Halt FKill Restart

«  Makes developing, maintaining, and supporting critical apps
easier and less risky

========== Process 1: fork_loopLi
Thread 1 (Sto

waiil?;mi,a T A *Jmm “i:;i;:::m -
Major Features I £ Jf DT, (et e g
- Easy to learn graphical user interface with data visualization §§§5}§§§{)T”c‘“‘
»  Parallel Debugging R i
—  MPI, Pthreads, OpenMP™ }Et‘;h(}h(&:muk i i S, o) e el
—  CUDA™, OpenACC®, and Intel® Xeon Phi™ coprocessor m pmms]p@mses]wads] —— T_jf—
«  Low tool overhead resource usage
* Includes a Remote Display Client which frees you to work
from anywhere
*  Memory Debugging with MemoryScape™
*  Deterministic Replay Capability Included on Linux/x86-64
*  Non-interactive Batch Debugging with TVScript and the CLI

TTF & C++View to transform user defined objects

= RogyeWave © 2014 Rogue Wave Software, Inc. All Rights Reserved
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MemoryScape®

*  Runtime Memory Analysis : Eliminate Memory Errors

— Detects memory leaks before they are a problem

— Explore heap memory usage with powerful analytical tools
— Use for validation as part of a quality software development process

* Major Features
— Included in TotalView, or Standalone
— Detects
*  Malloc API misuse
*  Memory leaks
« Buffer overflows

— Supports

* (C, C++, Fortran

 Linux, Unix, and Mac OS X

* Intel® Xeon Phi™

*  MPI, pthreads, OMP, and remote apps
— Low runtime overhead
— Easytouse

* Works with vendor libraries

* No recompilation or instrumentation
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Deterministic Replay Debugging

File Edit View Group Process Thread ActionPoint Debug Tools ‘Window Help

Group [Control) f|[> e W | 53 3 h BN S &

Go Halt Kill Restart| Next Step Out Pun To

Fecord GnBack: Prev Lnatep Caller Back:Tn Live

» Reverse Debugging: Radically simplify your debugging

— Captures and Deterministically Replays Execution

Not just “checkpoint and restart” EE

— Eliminate the Restart Cycle and Hard-to-Reproduce Bugs 42 int funecB{int

— Step Back and Forward by Function, Line, or Instruction 43 int o;

44 int 1i;
s 45 int w[MARXDEET

»  Specifications 46 int *p;
— Afeature included in TotalView on Linux x86 and x86-64 =  o=b+2;
No recompilation or instrumentation 45 p=ac;

49 pif{c<MAXDEFTH
c=funcii{c):

| Eﬂ for {i=arravyl
v[i]=*p;

Explore data and state in the past just like in a
live process, including C++View transformations

— Replay on Demand: enable it when you want it
— Supports MPI on Ethernet, Infiniband, Cray XE Gemini ks
— Supports Pthreads, and OpenMP

— New: Save / Load Replay Information (CLI only)

= RogueWave © 2014 Rogue Wave Software, Inc. All Rights Reserved
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B B UNIVERSITY OF

Cambridge Study &% CAMBRIDGE

Judge Business School

« Survey conducted by the Judge Business School at Cambridge University concluded that Reverse
Debuggers allow users, on average, to spend 13% less of their programming time debugging.
— Programming was 50% of total work week on average
— Debugging was 50% of programming time without reverse debugging
— Debugging was 37% of programming time with reverse debugging
— That frees up 130 hours (>3 work weeks, 6.5% total time) per developer per year for design and new
feature development
» The survey looked at total value (salaries & overhead) of debugging as a task and they determined
that this savings could, across the whole world economy, be work $41 billion in increased
productivity.
— The productivity improvement should be worth $2,500 per developer per year (salary only) or $5,000

per year with overhead.

 http://www.roguewave.com/company/news-events/press-releases/2013/university-of-cambridge-

reverse-debugqing-study.aspx
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TotalView for the NVIDIA ® GPU Accelerator

File Edit View Group Process Thread Action Point Debug Tools  Window

3

Group (Control) b BB Bb ? ‘:}j g

Go Halt Kill Restart| Next Step Out Run To

. Process 1 (20242): t4_cuda_matmul (Stopped)
Thread -1 (==<<(1,13,(1,1,0)===): @TEMP@CUDA@ t<_cuda_matmul.e4974cid (Stopped) <Trace Trap=

Stack Trace o Stack Frame

[l | I

Function hMathdulKernel in t<_cuda_matmul.cu

MatMulEernel, FP=1c87e360 |4 ||Function "MatMulEernel<<< (10,100, (2,2, 1) :| &
Device:
SM/WE /LN : U,-"ll 3 of 1/32/32 _
B: (Ma C1x cons AT ame er
C: (Matrix const @parameter)
Block "$hl":
blockRow: 0x00000001 {1}
blockiol: 0x00000001 {1)
Caub: (Matrix @local)
Cwalue: «Bad address: %fl: -',_

az cudeFree (d_A. elenents) ; A

a3 cudaFree {d_E. elements) ;

a4 cudaFree {d_C. elements) ;

85 3 File Edit View Tools Window Help |
86 R == | B | & S 9
87 // Matrix multiplication kernel called by Matri [ = - = | = | Ker ¥

a7 float Cvalue = 0;

98 // Thread row and column within Csub

ag int row = threadIdx. y;

int col = threadIdx. x;

101 #/ Loop over all the sub-matrices of A and B
102 Jf required to compute Csub

103 #f Multiply each pair of sub-matrices togethe
104 // and accumulate the results

Action Points] Prgcesses] Th[eads]

Phyflo 4 (0 Pl 208 |2 i) 3 o

1.1 (47567291993984) T
1.-1 (L1100 T

at OxZh431£97d429
in MatMulKernel

88 _ global_ woid MatMulKernel(Matrix &, Matrix E Expression: A Atddress: 0x00000010

89 T ;

o /7 Block row and colum Type: | @parameter const h@lnx

91 int blockRow = blockIdx. y; Field | Type |value |

92 int blockCol = hlockIdx x; i ;

a3 #/ Each thread block computes one sub-matrix ?---wwllh int DI000003C (E0)
Matrix Gsub = BetSubMatrix (G, blockRow, block i~ Neloht int 000000074 (20)

a5 #/ Each thread computes one element of Csub | - stride int 0x0000003¢ (B0}

96 4/ by accumulating results into Cwalue L. elements float @global * 0%00110000 -> 0

NVIDIA CUDA 6.5
—  With support for Unified Memory

Features and capabilities include
—  Support for dynamic parallelism
—  Support for MPI based clusters and multi-card
configurations

—  Flexible Display and Navigation on the CUDA
device
. Physical (device, SM, Warp, Lane)
. Logical (Grid, Block) tuples
—  CUDA device window reveals what is running
where

—  Support for types and separate memory address
spaces

—  Leverages CUDA memcheck

=RogueWave
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Displaying NVIDIA GPU Device
Information

File Edit WYiew Group Process Thread Action Point Debug  Tools Hindow
CWE W s 3 I I
Group {Control? -"l E = #
Go Halt Kill Restart [Mext Step Out Eun To|GoBack Prew UnStep Caller BackTo Live
Fhysical | Dewvice: IO ‘: SH: |2 ‘: Warp: O "'_, Lare: IO ‘:
Mame | Description |
mHlevice 0/3 A
|-Device Tupe =F100
HLanes 3= J
m-SM 274
Valid Harps LelelolalotolelolaleluloloTeTobi N
Harp 00/48 Elock <0.0,0%
FHLanse 00/32 Thread (0.0.0%
Lpc 00000000 1c/F5FE 10
Lane 01/32 Thread {1,0,0%
Lpc 00000000 1IEFE 10
Lans 02/32 Thread {0.1.0%
Lrc Q0000000 1dIEFE10
F-lane 03/32 Thread ¢1.1.0%
Lprc QOOO0O001HIEFE10
WalidAAct ive Divergent QOO0000F o QGOOOOO0E . QOO0 —_IL
F-SM 304 [
F-Harp D0/48 Block ¢0,.1,0% Y
M-Lane 00/32 Thread {0,0,0%
Lpc 00000000 1IEFE 10
mlane 01/32 Thread {1.0,0%
Lrc Q0000000 1dIEFE10
m-Lane 02/32 Thread (0.1.0%
LpPC Q0000000 1SEFE10
FHlane 03/32 Thread (1.1.0%
Lpc 00000000 1e/95FE 10
Lvalid/Act ive/Divergent 0000000F , DOOOODOF . DOOOOO0!
F-SM B/d
E-Harp D0/48 Block ¢1,1,0%
H-Lane 00/32 Thread {0.0,0}
Lrc Q0000000 1dIEFE10 J
m-Lane 01/32 Thread ¢1.0,0%
LpPC Q0000000 1SEFE10
FHlane 02732 Thread (0.1.0%
Lpc 00000000 1e/95FE 10
MlLane 03/32 Thread ¢1,1.0%
Lpc 00000000 1c/F5FE 10
L walid/Act ive/Divergent 0000000F ,, DOOOODOF . DOODOO0!
m-SM 7rd
B-Hare 00448 Block {1.0,0%
Brlane 00432 Thread {0.0,0%
LpPC Q0000000 1SEFE10 £
F-Lane 01/32 Thread (1.0.03 —r |
Lprc 00000000 1cISFE LD —=
F-Lans 02732 Thread (0.1.0% j T+I
Lpc 00000000 1c/F5FE 10
Lane 03/32 Thread {1,1,0% Y
[ Q0000000 1dIEFE10
ValidAAct ive/Divergent QO00000F . QOOO000F . Q00000
-SM Tupe =m_20
-SMs 14
s 48
F-lDevice 1/3 ]
| £
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TotalView for OpenACC

4 0/0/0 of 16/48/32
§8acg_ptr_acc_»_tl6 8593080320 (
$Sarg pti_acc b tl7 8593480704 (0x0000000200361¢
&s-: :r acc_c_tlf 8594126896 (0x00000002004000

1 (0x00000001)
(INTEGER*4 (100000) 8glabal)
(INTEGER*4 (100000) 8global)
(INTEGER*4(100000) eglabal)

1
2
3 INTEGER, PARAMETER - M=100000
4 INTEGER < : a(M).b(M),c(X)
é INTEGER J. total, expected
7 11§ Por simple caus use allel loop as a shortcut for
8 g uall.‘:g o o

13 Hs Scr. ab.c

11 t$ace parallel loop

[ i? 00 ) = 1%

5@—%—4— Z |

ENDDO
1$aco end parallel loop

18
19 11§ Set b, cogy it to host
20 1$acc para. copyout (b)
21 I$ace goop
[ - D03 = 1M
bi3) =3
I$acc end loop

§~‘; 1$sce end parallel
28 11§ Set ¢, copy 1t to host
29 I$ace mn:Y copyout (c)
30 f$ace g
31 00 7 = 1.

c(]) = =)

ENDDO
:hcc end loop
aoo _snd nar

t_openacc _Sck_L11_1+0x1£3
tast_openacc | “Sck_| _L20"2+0x118
90#32 teat_openacc_sck_L29_3+0x118

OpenACC.

DIRECTIVES FOR ACCELERATORS

Step host & device
View variables
Set breakpoints

Compatibility with
Cray CCE 8
OpenACC




TotalView for the Intel® Xeon Phi™ coprocessor

File Edit View Tools Window Help ‘
. . . . =| Inf| Rank | Host | Status | : Description |
Supports All Major Intel Xeon Phi Coprocessor Configurations TE el W e e
" Shar & mhan
.4 R

<local>

in pthread_cond_wait

* Native Mode

192 8.1

. . - 2.1 192.168.1. 1(R in sem_wait

—  With or without MPI 2z 192, 168.1. 1(86 B
- 2.3 192.168.1. 1(R in __poll
. . .. 2.4 192.168.1. 1(R in pthread_cond_wait
» Offload Directives
— Incremental adoption, similar to GPU
File Edit View Group Process Thread Action Point Debug Tools Windew Belp |

+  Symmetric Mode weop ooy P L I |59 5 &

> _ = o 5
6o Halt kill Restart|Next Step Out Fun To|Record GoBack Prey UnStep Galler Backio Live

Process 2 (5856@192 1681 100) : offload main (Mixed)

— Host and Coprocessor ' Toeead 3 (1 SSOCSRTISS) (ot predranaer B

Stack Trace o stack Frame
i i i Eaenpicar 76 2. reossmarn (et o g i
° M |t _d M |t . d T L_sanpled7_76__par_regionl 2_39, FPs dai out: 1 dad2754 -> 0x41400000 (10%|
ulti-aevice, iiulti-noae e oL A | I
_COISinkP i) urFunction,  FP=7f50Fd4d2ec0 iz 0x00000010 (16)
OIS inkP i) mcessMessagesEPFgggg?ggg;c%? = = P——
COISinkP. i ThreadProc, = or the frames:
° Clusters Start_thread. FP=7750Fdddor 30 ceshers
——clore, FP=7fS0fddd2f 35 Zrax: OxZf90fddd275d (139385823803220)
Zrdx: 0x00000010 (163
f] troc: aisiraaid ssmsezsesza 7
Function conputed? in samplsci7 o fap [ |
User Interface I E
92) arrayili] = plil:
93 3
. 94
* MPI Debugging Features et
97 #else
98 retval = 0
H H 99 #endif
— Process Control, View Across, Shared Breakpoints e _
eturn 1 if array initialization was done on target
102 return retvalt
. 103
+ Heterogeneous Debugging B8 iriuta a0 s commatr i i s
106
107 int iz
H 108
— Debug Both Xeon and Intel Xeon Phi Processes for 1120 Ltz 1o
11]] out[i] = arrayllil=2:
. 113 7 3
113]
TG, 2 eruie cimamto somiate: sloiiio afwiots s iaTate sisTa o Tolilo Tty et e AR T e e ] o7 |
Memory Debugging
fad. 1
. . Aotion Pulnts] PrEI:eﬁﬁas] ThEEBds] |P=] P |
* Both native and symmetric mode PR T n
2.3 {13938583dd4dodd ) R __poll =
2.4 (139995842837248) R in pthread cond_wait

= ROQEJ?;WRVE © 2014 Rogue Wave Software, Inc. All Rights Reserved



Spectrum of Intel Xeon Phi

Execution Models
CPU-Centric Intel® Xeon Phi-Centric

Intel® Xeon Processor

Intel® Xeon Phi

Multi-core Hosted Offload Symmetric Many-Core Hosted

General purpose Codes with Highly-parallel

serial and parallel balanced needs codes

computing

Codes with
highly- parallel
phases

Main()
Foo()
MPI_*()

Productive Programming Models Across the Spectrum




Xeon side

File Edit View Group Process Thread Action Point Debug Tools Wi !

Appl

Debugging Intel Xeon Phi

ications with Offloaded Code

Group (Control) I@ ii . i’

Go Halt Kill Restart

Process 1 (31634):

Stack Trace

Thread 1 (140091609065248) (Stopped) [l

pthread_cond_wait . FP=7fffE53f38f0
TaskScheduler: :HaitForEvent_signal, FP=7fffet
COIEventWait, FP=7fff653F39h0
_ZN170ff loadDescriptorldoff load_finishEv, FP=
++.Descriptor7of f loadEPKchP7VarDesciPPviSd_,
of f load_of f load. FP=7fff653f3ac0

nplelB. FP=7ff{653f3dc0
main, FP=7ff{653f3e20
__libc_start_main. FP=7fff653f 3ee0
_start, FP=7fff653f3ef0

Function sample08 in sampleC08.c

/7 Sample 0B iiiveverssessvrssvoseronees

\éo id sample08(}

float pi = 0,0f:
int count = 10000:
int i:

#pragma offload target {(mic)
#pragma onp parallel for reduction{+ipi}
for (i=0: idcount: i++)

float t = (float){({i+0,5f)/count}:
Pl += 4,0F/(1,0f +t=t);

pi /= count:

if (fabs{pi-3.14f) <= 0,01}

/¢ Effectively, this is heterogeneous OpenMP

/¢ This sample demonstrates how #pragmna OFFlEJéd placed ;.v; front of
/¢ an OpenMP construct enables OpenMP on the target
/i

Action Po:'mts] Processes ]l']:'hreads“

1,1 (140091609065248) T in pthread_cond_wait
1.2 (140091596920592) T in __poll
1.3 {(140091586430736) T in __poll
1.4 (140091575940880) T in __poll
1.5 (140091565442832) T in pthread_cond_wait

File Edit View Tools Window Help |
=| I /| Rank | Host. Status | Description | - -
o T e e et et Xeon Pni sige
1L <local> T in pthread_cond_wait
12 <local> T in _poll
1‘2 zi"ai; : View Group Process Thread Action Point Debug Tools Window Help |
oca
B 3 5 5 <local> T 1Ry S 3 . @ 3
idie pp— oy (D WE B (59 5@ @ 49 ¢ 4
Next Step Out Run To|Record | 2.1 192.168.1.100 R Fr Go Halt Kill Restart|Next Step Out Run To|Record SoBack Prew Unstep caller
intro_sampleC.out (Stopped) 252 192.168.1.100  B6 in L_sanple03_S1_par_loopl_2_19 PR Process 2 (7976@192.168.1.100) : offload main (Mixed)
.23 192.168.1.100 R in _poll _ Thread 2 (139773936764612) (At Breakpoint 6)
| St 2.4 192.168.1.100 R in pthread_cond_wait Stack Trace | Stack Frame
‘4 |[Function "sample08" 2.5 192.168.1.100 R in pthread_cond_timedvait 208_51__par_loopl_2_19, FP=7f1fa7d6cfla ||Function "L_sanple08_51__par_loopl_2_19":[3
No parameters, 2.6 192.168.1.100 56 in L_sample08_S51 par_loopl 2 19 woke_microtask., FP=7f 1f a7d96d30 No parameters,
Local variables: - 2.7 192.168.1.100 B6 in L_sample08_51_ par_loopl 2_19 woke_task_func. FP=7f 1f a7d96d70 Local variables:
pis 2.8 192.168.1.100 86 in L_sample08_51_ par_loopl_2 19 ork_call, FP=7f1fa7d97360 count.$ 0x00002710 {10000}
count. $ 0 o9 192.168.1.100 6 P 1608 51 "loopl 2 19 fork_call. FP=7f1fa7d97470 pit 1]
i o = Phmhwois N mL 3, FP=7f 1f a7d37700 t: 5e-05
is 0 2.10 192.168.1.100 B6 in L_sample08_S51_ par_loopl 2 19 B FP=7F1fa7d97990 iv 0x00000000 0
i s 21 192.168.1.100  B6 in L_sample08_S1_par_loopl_2_19 *loadDescr iptor7of F loadE PPUS0_tS0.t., 3
pit 5 2.12 192.168.1.100 86 in L_sample08_S1_par_loopl 2 19 <Pipe:iRunFunction, FP=7f1fa7d97dcO Registers for the frame:
t: 0 - 2.13 192.168.1.100 B6 in L_sample08_S1_ par_loopl 2 19 <Pipe:iProcessMessages. FP=7f1fa7d97el =
7 t: 1 ~2.14 192.168.1.100 86 in L_sample08 51_ par_loopl 2_19 <Pipe::ThreadProc. FP=7f1fa7d97e20 v /rax 0u00000341 (833> _"'_
A . 2.15 192.168.1.100  B6 in L_sample08_S1_ par_loopl_2_19 poosa Chomranemanzimh L et afnfnnt sat -
. 2.16 192.168.1.100  B6 in L_sample08 51_par_loopl 2 19 Function L_sample08 51 par loopl 2 19 in sampleGDS c e[|
sctively, this is heterogeneous OpenMP 2
P TN 44 void sanple03()
45 {
float pi = 0,0f:
int count = 100003
int i:
#pragma offload target {(mic)
#pragmna onp parallel for reduction{+ipi}
for (i=0: idcount: i++)
= float t = (float){(i+0,5f)/count):
pi += 4,0F/(1,0f+t=t);
57 pi /= count:
58
59
60 if: (Fabs(pL 3.14f) <= 0,01f)
61 #ifdef DEBLU
& 62 prth("F’RSS Sample08 Pi = %f\n", pil:
63 else -
64 printf{"=*x FAIL Sample08 Pi = %F\n", pil: r
o~ 65  #else -
¥ 22 SRR R Y £
=] P
Ll [ el e | Action Po:'mts] Prgcessas] ThEeads] 2 i e |
jl 2,1 (139774009124800) R sel
2,3 (139773947401984) R poll
2,4 (139773955794688) R in pthread_cond_wait
2,5 (139773922080512) R in pthread_cond_timedwait
2,6 (139773913687808) ©6 in L_sanple08_51__par_loopl_2_19
) 2,7  ({139773909489408) I in L_sample08_51__par_loopl_2_19
il 2 9 £ 12Q7720NE2G1NN2Y e im | eammlaNQ G1 mar laman1 2 1G

One debugging session for MIC-accelerated code

=RogueWave
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Debugging Intel Xeon Phi

MPI Applications

Select processes to attach to:

(20 showing, 0 filtered, 20 total)
Progran %1

Stmp/tx_basic_mpi
Jtmp/tx_basic_mpi
Jtmp/tx_basic_mpi
Jtmp /tx_basic_mpi
Jtmp/tx_basic_mpi
Jtmp/tx_basic_mpi
Jtmp/tx_basic_mpi
Jtmp/tx_basic_mpi
Stmp/tx_basic_mpi

Detach All I

_f.l - Array of Ranks:

4| A List of Ranks:

Apply Filters |

Help I

Attach | Host | comm | Rank |
File Edit View Group Process Thread Action Point Debug Tools Window ,14 192.168.1.100 0 0
- - P 2 S X 192.168.1.100 1 1
Group (Control) g b ll . i’ § ‘5 Q ? " & § § 192.168.1.100 2 2
Go Halt Kill Restart|Next Step Out Run To|Record GoBack Prev UnSt b2 192.168.1.100 3 3
Rank 0: mpiexec<tx basic mpi>.0 (At Breakpoint 2) ®  192.168.1.100 4 4
il Thread 1 (140313820813056) : tx basic_mpi (At Breakpoint 2) |l 192.168.1.100 s 5
Stack Trace Stack Frame = 192.168.1.100 6 6
nain, FP=7FFF0e864b60 |4 |[Function "nain”: = o2 A66.1.100 L 7
__libc_start_main, FP=7fff0e864c20 argc? 0x00000001 (1) X 192.168.1.100 8 8
_start, FP=7fff0e864c30 argys 0x7fff0e86dcdt Attach All |
Block "shi": it
outfiles 0x00000000 A
Local variables: - Communicator:
myids 0x00000000 (0) - e
numprocs : 0x00000014 (2( | = Talking £o Rank: &i)
gzz}d: g:gggggggg 1 Messzge Type: J° Sead |5 Receive J& Unexpected
| PE——— P Balt ol growp
Function main in tx_basic_mpi.c
84 -
85  message = getenv("MESSAGE") 7 getenv("MESSAGE") : "": fonsinse |
86
87  MPI_Init{gargc.zargv):
88 MPI_Comm_size (MPI_COMM_WORLD.&numprocs) 2
29 MPI_Comm_rank {MPI_COMM_WORLD,&myid) :
S0
91/ if {myid == 0}
92 £ °
93 char#* outfile = NULL:
94 outfile = getenv{"TH_OUTFILE"):
95
= if {outfile}
97| out = fopenfoutfile, "w"}:
98 [
99 if {lout)
100 out = stdout:
101
102 rankO{numprocs, out);
103 3
104 else
rankn{myid}:
106 £
= °
Action Points] Prgc'esses] Th_r.:eads] B 2 =] T‘jl
] S [ ]
¥

Start multi-host multi
card MPI job

Attach to subset of
processes on MIC
coprocessor

Set breakpoints
Debug “as usual” MPI

=RogueWave
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Coarray Fortran

Diving on CAF array y

¥ - helloimage - 2.1

File Edit Wiew Tools  Window Help
L A EEIE I XEY
Expression: | y Address: | (x009caad0 .
B | Diving on CAF array y
Type: | INTEGER*8(10[] aCross processes
Field Walue y - hello_image - 2.1
g{” 1 (0<D00000000000000T) | Fyo Egit wiew  Tools  Window Help
1 {0x0000000000000001) = = - — —— =
(301 1 (0x0000000000000001) |21 =] EEIEFINXSS’
(] 1 (0=0000000000000001) Expression: | Y Address: | 0=003caa40
(S[1] 1 (0x0000000000000001) Slice: | () Filter: |
(E[1] 1 (0x0000000000000001) Type: | INTEGER"8(10[
(701] 1 (0x0000000000000001) Fiald IProcess value ]
I'E:f'lm 1 ngﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁmz ] hello_image.1 1 (0X0000000000000001) |-
= (13[2] hello_image.2 2 (0=x0000000000000002)
(13[3] hello_image.3 3 (0x0000000000000003)
(13[4] hello_image.4 4 (0x0000000000000004)
(@01 hello_image. 1 1 (0x0000000000000001)
Supported on Cray (@12] hello_image.2 2 (0x0000000000000002)
: (23] hello_image.3 3 (0x0000000000000003)
platforms with CCE (4] hello_image.4 4 (0x0000000000000004)
(3] hello_image. 1 1 (0x0000000000000001)
(32] hello_image.2 2 (0x0000000000000002) |
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Advanced Features



Remote Display Client

« Offers users the ability to easily set up and operate a TotalView debug
session that is running on another system

« Consists of two components
 Client — runs on local machine

« Server — runs on any system supported by TotalView and “invisibly”
manages the secure connection between host and client

* Remote Display Client is available for:
* Linux x86, x86-64

Eile Help

Session Profiles: - 1. Enter the Remote Host to run your debug

ion:
° W' d X P V' t 7 H X & 2 Femote Hosl:‘jaguarpf‘ccs‘om\‘gov ﬂ User Name :‘ mas 100 Commands:
I n OWS ] IS a, DTU 2. As needed, enter hosts in access order to reach the Remote Host:

lRlS j Host | Access By ‘ Access Value Commands

ORNL

fez Ji‘ H User Name
e
° M aC O S X ngiﬁg-gf 2 w User Name
tora 3. Enter settings for the debug sessionh on the Remote Host :
Totalview | MemoryScape |

Path to Totaliew on Remote Host: ‘tota\wew

Arguments for TotalView: \-geometry 1400% 1200

Your Executable (path & name): ‘

Arguments for Your Executable: ‘

Submit Job to Batch Queusing System: ‘PBS Pro j
4. Enter batch submission settings for the Remote Host :

FPBS Submit Command: |qsub
TotalView FBS Script to Run: |N7PBS‘csh

Additional PBS Options: |

End Debug Session

Profile ORNL/TotalView debug session is running...

SSSSSSSS
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Multi-dimensional array viewer

y Viewer: int_ 4D arrayl 0 JL 0 LK I[ 1]

I

e See your arrays on a St
Grid display ce o disy
« 2-D,3-D,...N-D o (onsn_ Eromie | 1

» Arbitrary slices
« Specify data
representation
* Windowed data
access — Fast
000000064 (100) |0x000000c8 (200) _MIJI:IIJIJIEG (300)
Cx0000044e (1100 0x000004b0 (1200) Ox00000514 (1300;

000000834 (2100) 0x00000898 (E200) Ox000008fc (2300;
0:00000c1e (3100) |0x00000c80 (3200) Ox00000ced (33007

0x00001004 (4100) 0x00001068 (4200) 0x000010ce (4300;

ssssssss
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Visualizing Arrays

File  Wiewe Wincdow

* Visualize array data using Tools > Visualize from the
Variable Window

« Large arrays can be sliced down to a reasonable size first
* Visualize is a standalone program

« Data can be piped out to other visualization tools

« Visualize allows to spin,
zoom, etc.

« Data is not updated with
Variable Window; You must
revisualize

« $visualize() isa directive in
the expression system, and
can be used in evaluation
point expressions.

=RogueWave 24
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Debugging MPMD applications

totalview -args aprun -n 9 worker : -n 1 master

TotalView 8.14.1-8 2] aprun=warker=2 e
File  Edit  View Tools  Window Help File Edit Wiew Group Process Thread Action Point Debug Tools  Window Help
=| ID/| Rank Hast Status | Description — o -

@1 <local- R aprun (2 active threads) Group (Control) [b ii . ib 5 3 Q J 3 5 4 O
&2 0 nid00045 B kor= (2 active thread Go Halt Kill Restart|Mext Step Out Fun To|Recard GoBack Frew UnStep Caller BackTo Live
n? aprun=waorker=0 (2 ac ?ve reads) T Rank 2 aprun=waorker=2 (At Breakpoint 1) EEEEEEEEESamaaaammr e
o2 e e e | RO v 1 r50er worcor ot vt AR
B4 Znidooo4s I aprun<warker>2 (1 active threads) T — ey ——
[ 3 nid0004 5 B1 aprun<worker=23 {1 active threads) m worker, FE=TEEFEFEEFTAZ0 _\ Function "worker": j
@ B 4 nid00048  BI aprun<warker=4 (1 active threads __libc_start main,  FP=TEEEEfffTdel No_arguments.
: prufi< (1 ach ) Start, FP=TEEE£EEETALD Lozal variahles:
@7 9 hid00045 B1 aprun=warker=15 {1 active threads) dumy : 0 {0xDD000000)
- 8 & nid00045 B1 aprun=worker=6 {1 active threads) &r;: g ggxggggggggg
@9 7 nidoonas [ aprun<warker=7 (1 active threads) Noater 0 {0x000000007
M- 10 & nid00045 B1 aprun=warker=8 {1 active threads) mP'—i_afg"S_ﬂTiL (CﬁafaCtEf (]]:Eﬂ%) (%, 13
@11 3 nidD0043 R aprun<master>3 (1 active threads) Egi—ggﬂgﬁu ' éc(giggﬁgﬁéugg' HL
7 mpl_ errc?des 19'1101::_3. ,élmﬁﬁﬁzﬂ‘(l)) JL
Function worker in waorker F30 ol
INTEGER :: nprocs, myrank, tag, dunmy, err Al
INTEGER, DIMENSION({MPI_STATUS SIZE) :: stat
INTEGER :: master
I Count warizhles
INTEGER joh
CALL MPI_INIT({erx)
CALL MPI_COMM SIZE (MPI_COMM_WOELD, nprocs, err)
CALL MPI_COMM RANE (MPI_COMM WORLD, myrank, err)
| The main loop
master= nprocs-1
tag =
dummy = 0
i
CALL MPI_SEND{dummy, 1, MPI_INTEGER, master, tag, MPI_COMM WORLD, err)
CALL MPT_RECW{job, 1, MPT_INTEGEE, master, tag, MPI_GOMM_WORLD, stat, err)
IF ({job == -1) EXIT
write (*,*) "Worker ", myrank, " does work mumber ", job
| The work that the workers do £
1
Action Pnints] Prgcesses] Th[eads] P-| P+] Px| T-| T+|
p1 [FON i s E s e e s A
=RogueWave 25
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Message Queue Graph

Message Queue
Debugging
« Filtering
- Tags
« MPI Communicators
« Cycle detection
» Find deadlocks
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TVScript

» Gives you non-interactive access to TotalView’s capabilities
+ Useful for

— Debugging in batch environments

— Watching for intermittent faults

— Parametric studies

— Automated testing and validation
« TVScript is a script (not a scripting language)

— It runs your program to completion and performs debugger actions

on it as you request

— Results are written to an output file

— No GUI

— No interactive command line prompt

« Used at sites such as DMI and STFC Daresbury for automated
comparative debugging
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C++View

« C++View is a simple way for you to define type transformations
— Simplify complex data
— Aggregate and summarize

— Check validity

* Transforms
— Type-based
— Compose-able

— Automatically
visible

« Code
— C++
— Easy to write

— Resides
in target

— Only called by
TotalView

=RogueWave
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120 Jmilestone example
File Edit View Group Froocass Thread Action Point Debug Tools '_Jyjri Fie Edt View Tools Window
DHEA D (538 ¢ 9 |1
Go Halt Kt Restart| Next Stap Out Run To | Expression: tangle
BRRRRRRRRRRT Frocess 1(19%525): miestone_example | Stopped) B Type
LTy

Group (Controd)

Addrass: OxbbD57 54

SUUCE SIQ VeCIorastd. vector< doutle std: allocatorc Coubie > > 510-2

_ Theoad 1 (19525) (Stopped) <Trace Trap> | Flokd Type Vake
Stack Trace E S T ST e = -
(=) matn, BT PP=pBOST el I3 [Function “main]| [ SRVIFOE) $string empty!
libc_stert_main, 143 'bxt-';'SE'EB No ;-aru:cteril - ay 1) frony ) doubial 1] [Array)
start, FP=btb05870 Bleck *$b1%: | e e
B K {0] double 0
i esat variabled o ay2) fong) double(2) (Array)
Function main N miastona_exampha oo (0] goudle 0
a2 (] double 2
3'; int TV_display_typelconst vector<vector<double> > *{
(
| %;3 for {tnt 1 = 0; & < wvd->size(): 144) ay4) frong) $sting ‘empty!”
a0 | aat et | 2 tan .0
47 char neme[64], typel64]; ay5) rong| $string emrpty’
q8 sprintfi{name, “at(%ld}.froent()*, (leng) 1);
a3 sprintf(type, "double[¥1d]", (long) vvd->at(i).size()):
51 int status;
52
53 Lf (wwd->at{i).slze() == 0)
54 status = TV_add_rowl(name, TV ascii_string type., "emptyl”):
55 olse
:: status = TV _add_row(name, type, bvvd->at(i).front()):
58 Ltf (status != 0)
53 break;
60 )
5{ return TV_format_OF;
R J o
Acton Ponts | Processes | Threads [ s Ra REd |




Viewing Fortran User-Defined Types

stuff - f30stepAlpha - 1,1
TYPE WHOPPER File Edit View Tools Window Help
LOGICAL, DIMENSION(ISIZE) :: FLAGS 1 | EEIE I XS
DOUBLE PRECISION, DIMENSION(ISIZE) :: DPSA BACTLE ?_;”mm Aurtss: DA ATIODSY Bparee)

DOUBLE PRECISION, DIMENSION(:), POINTER :: DPPA Actual Type: | typedwhopper),allocatable: (100}
Type: | typefwhopper,allocatable:()

END TYPE WHOPPER
_ ) Field | Type [value

TYPE(WHOPPER), DIMENSION(:), ALLOCATABLE :: STUFFTYP1 o () typetwhoppen (Struct
flags logical®4{1000) (A rray
dpsa double precision(1000) (Array)
L dppa double precision,pointer:(double precision,pointer
-- (€] typefwhopper (struct)
- (3) typeiwhoppen) {Struct)
-- 4) typefwhopper) (Struct)
@ (5 typeiwhopper) {Struct)
-- )] typefwhopper) (Struct)
& (7) typefwhoppen {Struct)
- (8 typefwhonper I'Structy
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Current Work
and
Future Plans



What is new in TotalView 8.14.1

* CUDA 6.5 support
» Coarray Fortran support for the Cray CCE
compiler

- Extended support for type transformations
with the Intel compiler (unordered STL
collection classes)

* Improved delayed symbol processing
(better performance for larger executables)

SSSSSSSS



Multi-phase R&D Projects Underway

 Massive Scalability

— Collaboration with LLNL and Tri-lab partners

— Targeting Cray, Blue Gene and Linux Clusters

— MRNet software overlay network for multicast and reduction
* New GUI

— Sleek, Modern and Fast

— Configurable

— Improved Usability

— Provides aggregation capabilities for big data and scale

— Leveraging math and stat expertise from IMSL
 Working with customers through early access programs

— Customer input is key to the success of both programs

= RogueWave © 2014 Rogue Wave Software, Inc. All Rights Reserved
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Thanks!

* Visit the website

— http://www.roguewave.com/products/totalview.aspx

— Videos (3 new videos on Xeon Phi)
— Documentation

— Sign up for an evaluation

* Visit us at SC14 (booth 2338)

hpC matters.

© 2014 Rogue Wave Software, Inc. All Rights Reserved
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