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Our products and services

Klocwork On-the-fly static code analysis for app security SourcePro OS, database, network, and analysis abstraction
for C++
CodeDynamics Commercial dynamic analysis Visualization Real-time data visualization at scale

OpenLogic Support Enterprise-grade SLA support
P s PP IS PP PV-WAVE Visual data analysis

OpenLogic Audits Detailed open source license and

security risk guidance IMSL Numerical Libraries Scalable math and

statistics algorithms
TotalView for HPC Scalable debuggmg HydraExpress SOA/C++ modernization framework

Zend Server Enterprise PHP app server

HostAccess Terminal emulation for Windows
Zend Studio PHP IDE

Zend Guard PHP encoding and obfuscation Stingray MFC GUI components
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How does Rogue Wave help in HPC?

Total View for HPC

Source code debugger for C/C++/Fortran
— Visibility into applications

— Control over applications

Scalability

Usability

Support for HPC platforms and languages

E:— RogueWClve © 2016 Rogue Wave Software, Inc. All Rights Reserved
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TotalView Overview



TotalView Origins
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Mid-1980’s Bolt, Berenak, and Newman (BBN) Butterfly Machine
An early ‘Massively Parallel’ computer
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How do you debug a Butterfly?

- TotalView project was developed as a solution for this
environment

— Able to debug multiple processes and threads
— Point and click interface
— Multiple and Mixed Language Support

» Core development group has been there from the beginning
and have been/are involved in defining MPI interfaces,
DWAREF, and lately OMPD (Open MP debugging interface)
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Other capabilities added

« Support for most types of MPI

* Linux

 Lightweight Memory Debugging

» Type transformations — STL and user containers
* Memscript and tvscript

* Reverse Debugging - only on Linux x86-64

- Remote Display Client

« GPU debugging

* Intel Xeon Phi — Including KNL

* Currently looking at ARM64 port
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Key features of TotalView

* Interactive Debugging

* Interactive Memory Debugging
* Reverse Debugging
 Unattended Debugging

Serial, Parallel and Accelerated applications
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Memory Analysis

How do you 1dentify buffer overflows?

Runtime Memory Analysis : Eliminate Memory Errors
— Detects memory leaks before they are a problem
— Explore heap memory usage

Features r—— T
— Detects
*  Malloc API misuse
*  Memory leaks

Vi
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Heap Status Graphical View
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*  Buffer overflows
— Low runtime overhead

— Easy to use
*  Works with vendor libraries
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Reverse debugging

* How do you isolate an intermittent failure? G comr
- WlthOU.t TOtaIVICW, Processes & Threads ¥ Start Page ¥ | combined. oo %
* Set a breakpoint in code Vo0 == o oaltel -
. Description #P #T ¥ Members h
* Realize you ran past the problem TR [l arge, e v
° Re_load Stopped 1 1 pl 29 str = E *) malloc(100);
30 str tr, )
. . main 1 1 pl.l e
* Set breakpoint earlier bty
SRR E
° Hope lt falls 35 printf( ,' , str);
. 37 arr_longs[7] = {1,2,3,4,5,16,32};
* Keep repeating 3 pthreads Loop();
— With TotalView AR
. 43 stivievl);
° Start recordlng 44 user_templates();
45)  trap_exception();
* Set a breakpoint al e,

*  See failure

* Run backwards/forwards in context of failing execution

— Reverse Debugging
* Re-creates the context when going backwards
* Focus down to a specific problem area easily

* Saves days in recreating a failure
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memscript and tvscript

* Command line invocation to run TotalView and Memoryscape unattended

* tvscript can be used to set breakpoints, take actions at those breakpoints and have the
results logged to a file. It can also do memory debugging

— tvscript —create_actionpoint “method1=>display backtrace show arguments” \ -

create actionpoint “method.c#342=>print X" myprog —a dataset 1

* memscript can be used to run memory debugging on processes and display data

when a memory event takes place. Exitis ALWAYS an event

Memscrip -event action \

"alloc_null=list_allocations,any event=check guard blocks™ \

-guard blocks -maxruntime "00:30:00” -display specifiers \

"noshow pc,noshow block address,show image”\
myProgram -a myProgramArgl

*  Memscript data can be saved in html, memory debug file, text heap status file
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Remote Display Client (RDC)

* Push X11 bits and events across wide networks can be painful. The RDC can help

Figure 17 — Remote Display Components
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Session Profiles:
H X £ &

perseid
vesta

The RDC setup
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1. Enter the Remote Host to run your debug session:
Remote Host: vesta.alcf.anl.gov User Name E: thompson

2. As needed, enter hosts in access order to reach the Remote Host:
Host Access By Access Value

Advanced Options

Commands

| F
1 ‘ User Namem

User Namem

3. Enter settings for the debug session on the Remote Host :

ﬁ MemoryScape

Path to TotalView on Remote Host:  [soft/debuggers /totalview/bin/totalview

2

Arguments for TotalView:

Your Executable (path & name). runjob

Arguments for Your Executable: _p 1 --np 512 --block ${COBALT_PARTNAME} : ALLc2

Submit Job to Batch Queueing System: Custom

4. Enter batch submission settings for the Remote Host:
Submit Command: gsub

Script to execute via Submit Command: ./tv_PBS.csh

Additional Submit Command Options: -gq ATPESC2015 -t 60 -n 512 --mode script -0 LOG

[ Launch Debua Session
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TotalView for the NVIDIA ® GPU Accelerator

[ we () saxpy_cuda

File Edit View Group Process Thread Action Point Debug Tools Hindow Help

Group {(Control} /| » i " Q bj Q 3‘@&

Go Halt Kill Restart |Next Step Out Fun To a )&
Physical I Device: | O A,SM: 0 ‘}Harp: 0 A,Lane: 0 ‘: ° NVIDIA CUDA 65, 70, 75, (80)

Process 1 {20343): saxpy_cuda (At Breakpoint 1}
£ Thread -1 (<<<{16.0.03,¢0,0,03>>>}: RTEMPECUDAR,saxpy_cuda.Bcdf39e39 (At Breakpoint 1}
Stack Trace E Stack Frame

*  Features and capabilities include

saxpy_parallel, FP=fffcal | ||Function "---paralleé<é<(1024,1, 1), (256, 1,1)>>> |4
SvB 0/8/0 of 14/48/22 d —  Support for dynamic parallelism
n: 0x00040000 (262144)
§ oo 20 —  Support for MPI based clusters and multi-card
Block "$hl": . .
it 0x00001000 (4096) confi gurations
7 Registers for the frame: _,/_
Function saxpy_parallel in saxpy.cu B - Flexible Dlsplay and Navigation on the CUDA
26 printf ("Test FAILED\A"); \ Al
27 exit(-1); } i
2 | device
32 // ng lfernellgunction 1161 (unsigned int File Edit View Tools Window Help . .
3 o sy Pttt 4 23 P K€ N *  Physical (device, SM, Warp, Lane)
gi unsigned int i = blockIdx.x*blockDim.x + [Expression: & Address:| 0x00000010
e if (i )i Type:  @parameter const Matrix 5 1
R IR SR - T 7 T — *  Logical (Grid, Block) tuples
, ~ width int 0x0000003¢ (60) . . . .
3 eigt i 000014 (20 —  CUDA device window reveals what is running
:112 tride int 0x0000003c {60)
:11% int main(int arge, char* argv[]) - elements . GHonTTenne == 0 Whel'e

44 // For time measurements
45 double tiStartl, tiStopl, tiStart2, tiStopl

— 46 double timeCPU. timeGPU. timeGPU kernel: - SuppOI’t fOI‘ CUDA COI'e debugglng

Action Points] Pro_cesses] Thgeads] ﬁl &] T_'l T*‘l
1 saxpy.cu#36 saxpy_parallel+0x88 /|

—  Leverages CUDA memcheck
—  Support for OpenACC

E:: Rogyewave © 2015 Rogue Wave Software, Inc. All Rights Reserved
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TotalView for the Intel® Xeon Phi™ coprocessor

Supports All Major Intel Xeon Phi Coprocessor Configurations

¢ Native Mode
— With or without MPI R N

R
R

<local> B in __pell
B
B

Help \

111111

* Offload Directives = P
— Incremental adoption, similar to GPU e ie s T N
*  Symmetric Mode

— Host and Coprocessor e |

* Multi-device, Multi-node oo
ulti-device, Multi-n o= pp—
s, 0%x00000010 <16)>
Legyt variablest g 00000010 <163
FP=7F50f ddd2e]
¢ Clusters
FP=7f50fddd2f38 %7f50fd4d2754 (139985823803220)
%00000010 (16>
¥ S0r4d2754 (139305023903220) :
Function computed7 in samp. 5 BT il
. Enr €i=0: i<s: i++) £1
¢ KNL Support — Just works like a normal node B e
52 wirder _mIc__
96| retval = 1:
. BlE
— AVX2 support being added B g e i e o s
i%é i,attr‘\bute,,((target(mjc))) void compute07 (int* out. int size)
U I f :m t::m e e
ser Interface 5 et - st J

¢ MPI Debugging Features

— Process Control, View Across, Shared Breakpoints
* Heterogeneous Debugging

— Debug Both Xeon and Intel Xeon Phi Processes

Memory Debugging

* Both native and symmetric mode
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Knights Landing Memory

« KNL will have on-board High Bandwidth Memory (HBM) which can be
accessed much faster than going out to main memory.

— Cache
— Explicitly managed for placement of frequently accessed data

+ MemoryScape will be able to track allocations made both the standard heap
and the on-chip HBM

+ Optimization may include making sure that the right data structures are
available to the processor in HBM

— MemoryScape can show you data structure usage and placement
« KNL machines starting to come online
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Linux OpenPower (LE) support

« Support for OpenPower (Linux power LE)
— All major functionality

— Support for CUDA Debugging on GPU Accelerators
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TotalView’s Memory Efficiency

TotalView 1s lightweight in the back-end (server)
Servers don’t “steal” memory from the application
Each server is a multi-process debugger agent

— One server can debug thousands of processes

— Not a conglomeration of single process debuggers

— TotalView’s architecture provides flexibility (e.g., P/SVR)

— No artificial limits to accommodate the debugger (e.g., BG/Q +P/EN)
Symbols are read, stored, and shared in the front-end (client)

Example: LLNL APP ADB, 920 shlibs, Linux, 64 P, 4 CN, 16 P/CN, 1 SVR/CN

Process VSZ (largest, MB)  RSS (largest, MB)
TV Client 4,469 3,998
MRNet CP 497 4
TV Server 304 53

= Roguewave © 2014 ROGUE WAVE SOFTWARE, INC. ALL RIGHTS 18
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New UI Framework — aka CodeDynamics

Rogue Wave

Reveloper  fle  Window

StartPage *  tx fork loop.cxx ¥ | tx ‘ork_laop.oxx X | select X Coll Stack *
(25 1t (do_segv & me == do_segv_index| —Sselect
2F T ¥ Me G {
timevsl timeout; @D wait_a_whike
=~ Breakpoint 4 4 pl-4 bad addr;
*oo: snore
= __select 4 4 p2-31p1.2, n:';') =
& 671 wait_a while (&timecut); @D rorker
2E x L pr.2 672 bad_addr = -3;
21 1 1 p2.1 673 foo = ( *)bad_addr; @D rork_wrapper
() bar = *foo;
31 1 1 p3.l 675 . *foo = bar + 1 @D main
43 1 1 4.3 o __libe_start_main
= wait_a_while & 8 plL.l pd.l.p. 7 { -
truct timewal timeout: AR
11 1 1 pL1 601 wait_a while |&timecut);
ouz t (verbose)
13 1 1 pll 683 prantf {“Thresc Aok = in - "+ (Long){pthread selfl))):
22 1 1 022 684 [ (use mut)
686 ! [ )
2.3 1 1 2.3 ploase shut up
P ( v Arguments
32 1 1 3.2 alpha] && 'defined(_ linux)
s DrNtY [*Thread Aa {posix =-ALd): Trying for the Tock\n®, atg vl * 0x00000000
33 1 1 p3l {pthread_t(pthread self())-=»__sequence),
Long(pthresd self())]; Vi LA
21 g #elif AIX timeout Struct timeval  [struct timeval]
printf (°T i ' ving " "o Lint) (thread self())):
*else w Block $bl
5 printe [*T1 asix) TD=ald: Try e :
636 1 (pthread seif())|: e int 0x00000000 {0}
Share Group _—
P , old_tickst  nt xSRI (-1)
= 699 ftlush (stdout);
Hestname ticket int 0200000000 {0}
W Process State

Thread State Action Points % Command Line %
PG v Type e | Une hit breskpoint 1 st Line 564 in “woit & whilel{time
Source Line g N 8. = <
1 com.roguewave totalvew.breakpoint  tx_fork_loop.cxx 564 hit breakpoint 1 at 1ine 564 In “wait a while(time
v Function

hit breakpoint 1 at line 564 in a while{time

|__ Action Pont ID
hit breakpoint 1 at line 564 in "weit 3 while{time
Replay Mode

hit breskpoint 1 at Line 564 in "weit a while{time
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Using Total View

For HPC we have two methods to start the debugger

The ‘classic’ method
— totalview —args mpiexec —np 512 ./myMPIprog myargl myarg?2
— This will start up TotalView on the parallel starter (mpiexec, srun, runjob,
etc) and when you hit ‘Go’ the job will start up and the processes will be
automatically attached. At that point you will see your source and can set
breakpoints.
* Some points to consider...
— You don’t see your source at first, since we’re ‘debugging’ the mpi starter
— Some MPI’s don’t support the process acquistion method (most do, but might
be stripped of symbols we need when packaging)
— In general more scalable than the next method...
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Starting Total View

The ‘indirect’ method
* Simply ‘totalview’ or ‘totalview myMPIprog’ and then you can choose a parallel
system, number of tasks, nodes, and arguments to the program.

%/ TotalView for HPC: Parallel Program Session

* With this method the program

i i ] i Py 2= Parallel Program Session
source 1s available immediately o~ |
— Session Name:| 718
* Less dependent on MPI starter P
SymbOlS i Parallel System
* May not be as scalable as some R Neme. [FGomeacon
‘indirect’ methods launch a bl Setings
debug server per process Tasks Cop) |
et
Arguments:
When you are ready,
press MNext to
continue. Help Previous MNext Start Session Cancel
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The New UI tfor HPC

MPI debugging with the new Ul requires starting in ‘classic’ mode with the —
newUI argument
totalview —newUI —args mpiexec —np 4 ./cpi

N mpiexec<cpi84>.0- Rank 0, Thread 0.1 (Stopped) - TotalView for HPC 2016 - + X
File Edit Group Process Thread Action Points Debug  Window Help

Start Page % ‘ mainc * ‘ __sched_yield % | cpic % ‘
bIe mypi, pi, h, sum, x;
22 L startwtime = 0.0, endwtime;
n-  namelen; Description #P #T + | Members
processor_name[MPI_MAX_PROCESSOR_NAME];
*freeptr; _poll_.. 12 12 0-11.2
Field myfield;

27 MPI_Init(&argc,&argv); 22 1 1 0.2
28 MPI_Comm_size(MPI_COMM_WORLD, &nUMProcs); :
29 MPI_Comm_rank (MPI_COMM_WORLD, &myid); 92 1 q 0z
30 MPI_Get_processor_name(processor_name,&namelen);
32 fprintf(stderr, e n n", 42 1 1 22

myid, processor_name);

52 1 1 32

myfield.x = myid + 1;
myfield.y = myfield.x * 2; 6.2 1 1 42
myfield.value = myfield.x * PI25DT;

39 i=e;
40 while (!done)
{ x
42 (myid =
{
princf("enter the A n € | man
anf(’ n
__libc_start_main
48
50 _start
52 MPI_COMM_WORLD);
53
54

imand Line * | Logger * | Lookup File or Function %

Thread 12.2 has exited Name Type Value
Thread 13.2 has appeared

What do you want to look for?

Thread 13.1 has appeared e W B myfield Str.. (structField)
File or Function Name: x fioat 1
n - y float 2
e | al do. 3.14159265358979
.1 hit breakpoint 1 ) value 1
-1 hit u.-wgom 1 Matching Items: Found 50 matching results
7.1 hit breakpoint 1 myfield value do... 3.14159265358979

.1 hit breakpoint 1 con

.1 hit breakpoint 1 [Add New Expression]
.1 hit breakpoint 1 tcon

.1 hit breakpoint 1

.1 hit breakpoint 1 LMIN

.1 stopped: Stop Signal
.2 stopped: Stop Signal n
.1 stopped: Stop Signal

[ af mation

=RogueWave

T WA R E



Starting MemoryScape and ReplayEngine

* MemoryScape must be enabled at the start of the program or your program can be

linked against the Heap Interposition Agent (HIA) to have memory debugging

always enabled. It can’t be turned on when the program has been started.

* ReplayEngine can be enabled at the start, or at any point during debugging. Once

started, it can’t be disabled.

Startup Parameters-|Is

Debugs ing Uptions] R_rguments] Standard I.?’El] Para;lel]

- Enable ReplayEngine
Record all program state while running, Roll back your program to any point in the past,

- Enable memory debugging
Track dynamic memory allocations, Catch common errors,. lesks. and show reports,

d Halt on memory errors

A Enable CUDA memory checking
Detect zlobal memory addreszing violations and mizaligned global memory accesses,

I Show Startup Parameters when TotalView starts

Changes take effect at process startup,

Ok | Cancel | Help |
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Taols

[ runjob<ALL

Fils Edit View
Process State |Procs | Threads |Members |
Z-Running 1 1 =1
- <urknoun address> 1 2 p1.1-2
=l <unknown address> 1 2 pl,1-2
Z-No Action 1 2 pl.1-2
Mot Stopped 1 2 pl.1-2
“Breskpoint 2 @ 0-31
Brcode 2 @ 0-31.1
E-ALLC2,c#142 2 @ 0-31.1
SBresk (2) 2 @ 0-31.1
Trace Trap(5) 2 @ 0-31.1
Configure <<
UpE RS UpaEte™| BECo 1

Filter ]
I Perding Sends

. |

Group (Control?

Cycle Detection

B

W Pending Receives
W Unexpected Msgs
| MPI_COMM_WORLD Rarks:

(Filter on specified nessage tags:

File Edit WView

Group Process

Group (Control) ]

Thread Action Point Debug Tools MWindow

TEK:

Go Halt Kill Restart |Next Step Out Fun To

Rank 0: runjob<AlLLc2>.0 (At Breakpoint 2}

Thread 1 {1}: ALLc2 (At Breakpoint 23

Stack Trace

Stack Frame

Help

ode,

in,
eneric_start_main,
_libc_start_main,

FP=1dbfffbde0 [
ibf ffbaal
Fi ibf ffbdB0
FP=1dbfffhed0

"code"s
“0x00000000 (0)
0x00000084 (100)

Function "
nypid:
size:

tines: 0x00000019 (25)
res_match:  Ox1dbfFFba7s -> 0x000(
nnodes: 0x00000020 (32)

Local variables:
send_nessage: 0x13c582da20 > 0x000(
receive_message: 0x19c5830c40 —> Ox(
my_message:  0x13c5833e60 > 0x000(

sage_tuped Ox13c5825e5([3 :> 0x000(;

Function code in ALLc2.c

N
iy

Running TotalView on Vesta

igure <<

pid, MPI_ANY_TAG, HPI_COMM_WORLD, &request[k]):

¥

7% send everyones nessage back */

k=k+ls

wle ((pid = (pid+1) # nnodes) I= mypid )

HPI_Isend (treceive_messagelpid¥size+0], size,

7% check my returned messages */

while ({pid= {pid+l) ¥ nnodes) != mypid )

HPI_INT
pid, message_tupelpid], HPI_COMH_WORLD, &r‘equest[k])

o Auest[0], tstatus_: 01 */
Fk: 0x0000003d GLI " 101, astatus_arrayl0])

HPI_Wait(trequest[j], tstatus_arraylj1):

50
/% Verify to see if returned message is the same as the message sent */
2

Save As...

Action Points ] Thpeads |

s

2 ALlc2,c#142  code+0x568

prlofafe]3fafs[e[z]afsfaolu[w[13ea]s5]16]s7 18]

19 |20 [ 21 [22 |23 24 | 25 [ 26 | 27 |28 [ 29 |20 [21 |

- Show Options At Graph Open
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Memory Debugging on BG/Q

* In order to use memory debugging on the BG/Q, you must link against the agent.
For instance, I first set up a environment variable

— export TVLIB=/soft/debugger/totalview/linux-power/lib

— mpixlc r—g—-o0 ALLc2.mem ALLc2.c -L$TVLIB\
— —WI1,@$TVLIB/tvheap bggs.ld

= Memory Debugzing Opt ions BRETEE

Memory Debugging Options
Select your preferred level of debugging below or press Advanced Options for more control,
W Enable menory debugging
Levels of Debugging
Bl Low
Frovides event notifications and leak detection,

T Hediun

It allows the best perfomance for your process,

Adds corrupted memory detection by applying guard blocks,
Bl High
Provides memory over run alerts by monitoring Red Zone violations

Bl Extrens

Enahles all optionsz,

Performance may degrade slightly,

. four memory consumption will increasze significantly.

There iz a risk that performance may suffer and you will use more memory,
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One of many reports available

August 10, 2016 Heap Status Backtrace Report

!>Data Source ’» Opt ions

Save Data
Save Report...
Export. Memory Data. ..

4 Allocations 4 Deallocations ¢ Hoard ¢ Red Zones Bl Relative to Baseline M Enable Filtering

Heap Status Reports
Graphical Report

Source Report 1179 240 21
Other Reports Categori #1126 400 10
er Reports Categories .
Leak Detection Reports - 190 80.00KB 10
Memory Usage Reports +-188 20,00KE 10
Corrupted Memory Report - 184 1280, 00KE 10
Compare Memory Usage 5167 640.00K
E

éQQ:

Other Tasks

Manage Filters

Process Selection

- 8 run job<ALLc2 , mem>, 10
- 8 run job<ALLc2 , mem>, 11
-« P runjob<ALLc2, mem>, 12
- 8 run job<ALLc2 , men>, 13

- B run job<ALLc2 , nen>, 15

-« P runjob<ALLc2 , mem>, 16

- P run job<ALLc2 , mem>, 17

« P runjob<ALLc2 , mem>, 18
a..

P R R T-Y 5 |

HEEEE |

—-wrap_posix_nenalign

PAMI: :Memory: tHeapMenoryManager:, . .
PAMI: :MenoryAllocator<5680,16.4. ...
PAMI::ProtocoltiSend: tEager<PAMI, .,

60 tv_heap_breakpoint.c
119 HeapMemnoryManager .h
167 MemoryAllocator kb
111 MemoryAllocator,h

PAMI_Send
MPIDI_SendMsg_eager
MPIDI_Isend_handoff

380 Dispatch.h
129 mpidi_sendmsz ,.c
462 mpidi_sendmsg,c

PMPI_Isend 146 mpidi_macros.h
MPI_Isend 102 mpiwrappers_c.c
code 115ALlc2.c

nain 225 Allc2,c

generic_start_main
__libc_start_main

226 libc-start,c
194 libc-start.c ¥

Source

/fsoft/debuggers/totalview-2016-06-21/toolworks totalview, 2016 ,06,21/src/tv_heap_breakpoint .c

=7

TY_HEAP_event. = =event:
3 /% TV_HEAP_notift
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More Information

* Product documentation on website:
http://www.roguewave.com/help-support/documentation/totalview

» Contact sales@roguewave.com with any inquires about our future plans with

regard to TotalView product.
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Questions



Thanks!

Visit the website

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

— Documentation
— Sign up for an evaluation

— Contact customer support & post on the user forum

E:: RogueWGve © 2015 Rogue Wave Software, Inc. All Rights Reserved
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