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HPC Debugging With TotalView

* Comprehensive multi-process/thread dynamic D e

analysis and debugging B e
 Debug Hybrid MPI/OpenMP applications m = o =
* Advanced C, C++ and Fortran support -
* NVIDIA / CUDA GPU debugging support m :
« AMD / ROCm GPU Debugging R 3;
* Integrated reverse debugging o [
« Mixed language C/C++ and Python debugging co—
« Memory debugging and leak detection T EnETHE—nET — —
* Batch/unattended debugging .

Supported Technologies...

LANGUAGES OPERATING SYSTEMS APPLICATIONS PLATFORMS

clcl Ly @ SV R e @ @ S om

AM D n Hewlett Packard

Enterprise
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Debuggers — More Than Just a Tool to Find Bugs

* Understand complex code

* Improve developer efficiency

* Collaborate with team members
* Improve code quality

e Shorten development time

totalview.io
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TotalView’s Default Views

tx_basic_data - Process 1, Thread 1.1 (Stopped) - TotalView 2020 - o X

File Edit Group Process Thread Action Points Debug Window Help

7

1. Processes & Threads

i Group (Control)

B &=

—
. Processes & Threads ® | Lookup File or Function * | Documents ¥ | OpenMP ] Start Page * | t«_basic_data.cxx % Call Stack
Control View ole o |[T = ) wreru v
° L k F-l F . Description #P #T %  Members simple strugez { o T
0o up e or unCtlon t_basic_dala (S3) 1 1 Pl foo[51;
a; __libc_start_main
M st d 1 1 1 *  dynInts;
* Documents : msiruetss e
W Stopped 1 1 pll
*statString = "This is a H
main 1 1 pll
main( arge, ** argv)
. te_basic_data.cxx#48 1 1 pll 47 {. )
2. Source View 1o B,
**dynstrings;
dbl_array[10];
float flt_array[108];
. 54 (1= 0; i<10; i++)
3. Call Stack View = OV
57 fle_array[i] = i * 4.5;
I
[} myStruct.a = 'a';
. . 61 mystruct2.a = 'a';
4. Local Variables View
Data View * | Command Line * | Input/Output | Logger »

5. Data View, Command Line,
Input/Output

6. Action Points, Replay
Bookmarks

7. Array Tool

| TotalView by Perforce © Perforce Software, Inc.

Name Type

Thread ID | Value

Action Points % | Replay Bookmarks *

(0.4 Type Stop

Location

[Add New Expression]

Local Variables 3

Name Type Value

Process: 1(2985) tx_basic_data

Thread: 1.1 (2985) - Stopped

(]

Frame: main

File: ome/bburns/Demosity_t

tx_basic_data.cxx Line: 48

Arguments

argc int

argy Sstring **
Block at Line 48

i int

nullPtr int *

0x00000001 (1)

Ox7Tffef7863308 -> Ox..

000000000 (0)

OxTffef7863300 -> Ox..

totalview.io




Process and Threads View

Processes & Threads X | Processes & Threads |
@ @ @ | = = ® @ @ | E =
Description #P #T %  Members Description #P #T *  Members l
¥ b_fork_loop (53) 4 4 pl-4 W te_fork_loop {S3) 4 4 pl-4
w [ Breakpoint 4 4 pl-4 w [ Breakpoint 4 4 pl-4
w [l Breakpoint 4 4 p2.1, pa.1, p3.2, .. w [l Breakpoint 4 4 p2.1, pd.1, p3.2, ...
w b fork_loop.codBe2 4 a 2.1, pdl, p32, . Select process or thread attributes to group by:
Control Group
13 1 1 pl.3
+'| Share Group
21 1 1 p2.1
Hostname
32 1 1 p3.2
+| Process State
41 1 1 pd.1
v | Thread State
v Stopped 4 a8 1.1, p31, pl-2....
u Pe . P P + | Function
¥ _ select_nocancel 2 3 pl-2.2, p2.3 ¥ Source Line
W =unknown line> 2 3 pl-2.2, p2.3 PC
12 1 1 pl2 Action Point ID
22 1 1 p2.2 Stop Reason
23 1 1 p2.3 Process 1D
¥ snore 3 5 pl.l, p3.1, p4.2,... | Thread ID
¥t fork_loop.cxx6E2 3 5 pll, p3.1, pd.2,... Pracess Held
11 1 1 pll Thread Held
Replay Mod
31 1 1 p3.1 ey Mode
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Source View

Start Page | tx_fork_loop.cxx X
#else
1889 whoops = pthread_create (&new_tid, &attr, ( **)( *y)forker, | *J1local_fork_count);
1@01 whoops = pthread_create (&new_tid, NULL, T *1yforker, | *1local fork_count);
#endif
1893 (whoops)
{
1895 princf(’ e reate fa 1 I I I , whoops, errnaoj;
1096 exit{1);
i
1008 thread_ptids[total_threads++] = new_tid;
1899 printf 1 f d.xn", | Jgetpid({})), Inew_tid);
1181 forker (fork_count};
1182 %}
main [ argc, rargv)
1187 {
1188 fork_count = o;
11889 args_ok = 1;
111@ arg_count = 1;
*arg;
pthread_mutexattr_t mattr;
1114 signal (SIGFPE, sig_fpe_handler);
1115 signal (SIGHUF, | (*)¥( }isig_hup_handler);
#ifndef __linux
Find: | main - ||| Aa " ) 2 matches
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Call Stack View and Local Variables View

Call Stack * | Local Variables | Lookup File or Function |
Y . Mame Type ‘u'hlue-
¥ Arguments
e b int 0x00000012 (18)
funch " Block at Line 47
funcs c int 0x00000014 (20)
funcA i int 0x00000000 (0}
funcB v v int[20] (int[20])
funcA [0] int 0x00000000 (0)
funcB [1] int 0x00000000 (0
funch, [2] it O 00000000 (0
- [3] int 0x00000000 (0)
— [4] int 0x00000000 (0)
[6] int Oec00000000 (0)
[7] int 0x00000000 (0)
181 int Oec00000000 (00 Lo
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Action Points View

OpenMP % | Action Points *® | Data View ® | Replay Bookmarks ¥ | Command Line % | InputfOutput

[y Type Stop Location Line Function

ol 1 m Process | .J/ReplayEngine_demo.cxx27 ReplayEngine_demo.cxx (line 27) main

v 2 EOEN Group | 4 bytes @ 0x601058 {arraylength)
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Patch Code With Evaluation Points

* Evaluation points allow a segment of code to be run

at a line number Modify Evaluation Point X

Modify Evaluation Point ID: 1 | Enabled

e Patch code on the fly

Evaluate this expression at location: & #f map.cxx#sd ¥

* Use special directives such as Sstopthread and
ff(i=58&&i<9){
Sstopprocess to control threads and processes prntiC Adjusting i o Schn”, +1);
?f{iZIU}{

printf{”Skip out to line 5% when i = %dn”, ij;
goto 59;
i

Enter an expression, for example: if {i == 20) Estop

Language: C++

DELETE MODIFY EVALUATION POINT CANCEL
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Preferences

File > Preferences Menu
Or

“Gear” Toolbar Item

TotalView by Perforce © Perforce Software, Inc.

Preferences

]
.

Q
=

X
).

DISPLAY

ACTION
POINTS

SEARCH
PATH

PARALLEL

REMOTE
CONNECTIONS

TOOL BAR

LABS

Display Settings
Customize user interface display settings.

Appearance

Choose the best interface style for your development.

Light

User Interface Style

Dark

Choose the type of user interface.

@ Mew Interface

Maodern, dockable style user interface with improved low to medium scale multi-process

Classic Interface

Traditional, dedicated window for very high-scale multi-process dynamic analysis and debugging.

Font Size

Choose the font size for the user interface.

and multi-thread dynamic analysis and debugging.

Small

Medium

Display Settings changes will take af

Large

X-Large

ect the next time the product is started

AFPPLY CANCEL
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Parallel Programming Models — Hybrid Model

e Avariety of parallel programming models exist to extract
maximum performance out of compute resources.

* Message passing models are used to maximize
parallelism across compute nodes — MPI technology.

* Thread models, a type of shared memory programming,
is used to maximize parallelism across cores within a

compute node — OpenMP technology.

* A hybrid programming model combines the parallelism
provided by the message passing model (MPI) with the
thread model (OpenMP).

* Hybrid model also applicable to a CPU-GPU (Graphics

Processing Unit) programming. network

Image from U.S. Department of Energy by Lawrence Livermore National Laboratory

16 | TotalView by Perforce © Perforce Software, Inc. totalview.io


https://computing.llnl.gov/tutorials/parallel_comp/

Debugging Hybrid Models — MPI/OpenMP/GPU

Hybrid Debugging with TotalView

mpirun<mpi_array_broken>.0 - Rank 0, Thread 0.1 (Breakpoint) - TotalView 2020

File Edit Group Process Thread Action Points Bookmarks Debug Window Help

MPI Debugging T ©

Documents Start Page * | _read_noancel * | mpi_bug4.c Call Stack
: 28 Offset = chunksize + leftover; vy
Open Documents: as (dest=1; dest<numtasks; dest++)
50 MPI_Send(&offset, 1, MPI_INT, dest, tagl, MPT_COMM_WORLD); @ main
. Start Page 51 MPI_Send{&data[offset], chunksize, MPI_DOUBLE, dest, tag2, MPI_COMM_WORLD);
52 printf("ser emen ] T 11", chunksize, dest, of fset);
 OpenMP Debugging B o
mpi_bugd.c 3 _start
57 offset = 0;
58 mysum = Update(offset, chunksize+leftover, taskid);
.
61 (1=1; i<numtasks; it+) {
[ ] e u I n 62 source'= 1;
63 MPI_Recy(&offset, 1, MPI_INT, source, tagl, MPI_COMM_WORLD, &status);
64 MPI Recv(adata[offset], chunksize, MPI DOUBLE, source, tag2,
MPI_COMM_WORLD, &status);
¥
Processes & Threads
=2 printf("Sample results: \n");
. . ®ole o |[]= 70 offset =
[ ] _— 71 (i=0; i<numtasks; i++) {
Description #p &7 v Memoers |l 73 (J26; 1<5; 3+1)
73 printr(" %e", data[offset+j]);
mpirun (53 1 1 1
pirun (53) P 74 printr("n"); Local Variables * | Lookup File o Function
75 offset = offset + chunksize;
B Running 1 1 pL 3 Name Type Value
. . <unknown address> 1 1 pL1 printf( Fing rsum); Arguments
* Mixing MPl and OpenMP S
11 1 1 pLL argv Sstring **  OX7Md6289C708 -> OxTfd6289209e > “mpi
mpi_array_broken (S4) 4 a ] numtasks int 0x00000004 (4)
W Breakpoint 1 1 o 85 (taskid > MASTER) { taskid int 0x00000000 (0)
main 1 1 01 dest int 0x00000004 (4)
1] source = MASTER;
mpi_bugd.c#69 1 1 01 89 MPT Recv(&offset, 1, MPI_INT, source, tagl, MPT COMM WORLD, &status); offset int 0x00edelc0 (15000000)
90 MPI Recv(&data[offset], chunksize, MPI_DOUBLE, source, tag2,
21 1 1 01 MPI_COMM_WORLD, &status); i int 0x00000004 (4)
B Running 3 3 13 i int 0x00000000 (0)
Action Points * | Data View * | Replay Bookmarks * | Command Line * | Logger * | InputiOutput
<unknown address> 3 3 131 tagl int 0x00000002 (2)
DY Type stop Location Line Function
<unknown addr... 3 8 131 tag2 int 0x00000001 (1
v 1 EEOTE Process  ..Jmpi_bugd.c#T7 mpi_bug4 ¢ (line 77) main 9 @
31 1 1 11 source int 0x00000003 (3
¥ 2 EEXITH Process ..impibugd.c#o mpi_buga.c (ine 69) main &)
a1 1 1 21 chunksize  int 0x00464D40 (5000000)
5.1 1 1 a1 leftover int 0x00000000 (0)
mysum double 2499999500000
sum double

Line: 69

Frame: main

File: I

See it in action: https://totalview.io/webinars/debugging-hybrid-mpi-openmp-applications-remotely
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TotalView for the NVIDIA® GPU Accelerator

* NVIDIA Tesla, Fermi, Kepler, Pascal, Volta, Turing,

Ampere Fle Lot Group Process Thread ActionPoims Dockmarks Debug  Window  lelp
©

=M ] Narp | 9% Lane o

tx_cuda_matmul - Process 1, No current thread - TotalView for HPC 2019X (on microway2.totalviewtech.com) ) (A (X

* NVIDIA CUDA 9.2, 10 and 11

19

. . e Processes & Thisads X | Lockup File er Function % St Page *® | x_cuda_marmulocu X Cal Stacxy %
With Support for Unified Memory @ @ 6 =] = = (N s B4 TR WS P ¥
o = S 156 , printf ("[wsd][%sc] . row, col, a.elementa[row * A.stride + c0l]);
Debugging 64-bit CUDA programs S B N
Honexistent 1 1 pl
nain{ arge, **argv)
H . 162 {

Support for dynamic parallelism R L arE A fari-= 3 4 Wi} © 203

A B rOCK Erah (arais 307 ateitarmeial}  2b

- B
Support for MPI based clusters and multi-card ¢ D Cn R B "
configurations )

:.;2 ) Mt Loca Variabes ¥
Flexible Display and Navigation on the CUDA device =

Daravew % | CommandLine % | Logger % | InputiOutput =

e Physical (device, SM, Warp, Lane) Acson Forts N | &
b T)pg S0 Lot Hame: Type Thread D Value
* Logical (Grid, Block) tuples [Add Hiow Expressan]

GPU Status view shows how code runs on GPUs
Support for types and separate memory address
spaces o

Leverages CUDA memcheck

TotalView by Perforce © Perforce Software, Inc.

Ma currant thrazd

Process tx_cuda_mamul (1)

totalview.io




Advanced GPU Debugging With the GPU Status View

. . . ortrol Group - ﬂ.i’
* Easily understand how your code is running cavacrne i) || W |
Variables Status
across one or more GPUs. e o
Shl{$=m) for smin [0 .. 34] step by 2
* Use a simple attribute aggregation interface and oy epniIoRREEanRAzs oY
. . . . Lane($lans) for lane in {0 1 4 5}
fllterS tO deflne an |nf0rmatlve GPU StatUS Line = tx_cuda_precise_diverge.cuz240

Function = update_data_esrtry

d iS p I ay. State = diverged

* Built to support one or more GPUs within a node o e
w| state stae stae
and across a cluster. 7 cev dev dev
w| function function function
W line line line

pc =m Em

Create New Filter:

include - ||state - ||== = || diverged = | AND -

Filters:
include state == breakpoint AMND %
W include state == diverged AMND %

RESET CANCEL
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TotalView ROCm GPU Support

[o] ./tx _hip bit extract

File Edit Wiew Group Process Thread Action Point Debug  Tools  Window

Group (Control) _-"l D’ ii i' 5 ‘%i 3 ,a

* Process launch, attach, detach, etc.

° GPU ELF COde'ObJeCt |Oad events G0 Halt Kill Restart| Mext Step Out Run To| Record GoBack Prev UnsStep Caller BackTo Live Save
Logical |W0rk—gmup: I 1 “ I ] “ I ] “ Wark-item: I 1 “ I ] “ I ] ‘_E
H Process 1 (25893): t<_hip_bit_extract (at Breakpoint 17 =
° -
BOth deferred and non deferred IOadlng Thread -1 (3) ((1,0,00/(1,0,00): @TEMPE@ROCME.t<_hip_hit_extract (P.tElreakpnlnt1){Breakp0|ntTrap>
Stack Trace 1 Stack Frame
° Reg|sters (scalar’ Vector' general' Spec|a|) bit_extract_kernel. FP=E000000000000| 4 FUE?EJ;.ETHtE{.t_extract_;?zrji.}é?iE,1,1)3’(256,1,1)":
C_d: OxFF 270500000 -3 Oxbebebebe (32001
. . A_d OxFF2706400000 -3 CreQ0Q000000 (00
* Instruction dlsassembly BlN:k o OxOD000000000F 4240 {1000000)
OC M
it Or0000000000000101 (2573
. Local wariables:
» Breakpoint create/delete, events offset: 0x0000000000000101 (257)

stride} 0x0000000000020000 (131072}

El L ARy A

* Single-stepping and fast smart-stepping Function bit_extract_kernel in b¢_hip_bit_estract.cpp

__global__ void bit_extract_kernel{uint32_t= C_d, const uint32_t+ A_d. size_t M} {

d StaCk unW'nd'ng (|nCIUd|ng |n||nEd funCtiOI’\S) zize_t offszet :_{hipBlDEkIdx_x * hipBIDckD_im_x + hipThreadfdx_x;;

zize_t stride = hipBlockDim_x = hipGridDim_x;

* GPU navigation controls gl (Slzect i= pffssts i N3 i+ stride) £
L "C_d[1] = __bitextract_u32{A_d[il. 8. 4}z /= STOP{in_kernel}: =/
. . . . #elze /= defined __HIP_PLATFORM_MVCC__ or other path =/
* Variable display (with AFAR compilers only) vy -0 = TAAliT & 0:FG0) 55782
H 3
e Compile as follows
« ROCM4.5/5x:  “-00-ggdb” =1 =
/ g8 Action Pnints] Th[eads] P-| P+] | T T+
° afar001-264: “-00 -mllvm ‘amdng‘Spi”'Cﬁ'saved'regs\ 1 [... /tx_hip_bit_extract ,cpp#dd] tx_hip_bit_extract ,.cpp#dd,,, bit_sxtract_kernel+0xScd, .,
-gheterogeneous-dwarf”
* afar001-273: “-00-g”
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ROCm GPU Agents Are Represented As TotalView Threads

* TotalView uses a “one TotalView thread per GPU agent (device)” model (like CUDA)
* All waves on an agent within a process are grouped within a single “super thread”

* Each super thread has a GPU focus thread (a lane, within a wave, on the agent) controlled by the user

Super thread 1.-1

for Agent 3 (active)

Ix E
action Pnints] Thgeads] P-| P+| Px| T- T+|
' 1.1 (P E270R7TI9d00 4 25393 T in _ZNdrocrdocorelBInterruptSiznallllaitPelaxedE?2hza_siznal condi|d
’ 1.2 O FEETOER0CTO0 S 25E9e T in ioctl

Super thread 1.-2 1.-1 (01,0,03(1,0,0) / 33 1 in bit_extract_kernel
11.-2 iy T at. OxfFFFFFFFFFFFFFFEE

for Agent 4 (idle) /
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ROCm GPU Focus Control

New Ul

{ GPU(Logical] workGroup = 2 0 0 * ' workitem 8 0 0 i GPU(Physical] wave 9

Classic Ul

Logical |Wnrk—grnup: I 1 "‘, I o "‘, I o "", Work-item: |1 "';I 1] "“,I 1] “‘_,
Process 1 (#5833 t_hip_hit_extract (4t Breakpoint 1) EEEE=EEEEE

Thread -1 (3) ((1,0,00/(1,0,00): @TEMP@ROCME.t_hip_hit_extract (At Breakpoint 13 <Breakpoint Traps=

Physical |Wave:|5

Thread -1 (33 ((1,0,00/(1,0,00): @TEMP@ROCME t<_hip_bit_extract (4t Breakpoint 1) <Breakpoint Trap=
e e

Logical focus by
work-group / work-item

A , A
+ Lane: I 1 -

Physical focus by
for Agent 3 (active)
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Logical and Physical Focus, and Grid Dimensions

Grid dimensions

Logical focus displayed in Physical |Wave: B Lane:| 2 *

=========: Process 1 (26361): +_hip_hit_exdract (&t Breakpoint 1) EEE=====
thread status Thread -1 (3 ((0,0,00/130,0,00): @TEMPE@ROCME t-_hip_hit_extract (At Breakpoikt 1) <Breakpoint Trap= §

atack Trace stack Fr\me
hit_extract_kernel. FP=60000000000000( S ||Function "bit_extract_kernel(512,1.1)/(256,1,.13":

FCleDel:l 2 3rlrl:a:2
C_d: { 0xfecOic000d) -> Oxbebhebebhe (32001
iy —— )

L — T T

———

Physical focus
Agent:Queue:Dispatch:Workgroup:Lane
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Variable Display With the AFAR Compilers

File  Edit Thread Action Point

Group (Controly _‘"l ? ii - ii % ""g Q @
Go Halt Eill Restart| Mext Step Out Run To
Physical |Wave:| 3

“, Lane: I 2 ‘}
Thread -1 {3) ({0,0,00/(130,0,00): @TEMP@ROCHE . t_hip_hit_extract (4t Breakpoint 1) <Breakpoint Trap=

Wiew Group  Process Debuyg  Tools  Window

* AFAR compilers can generate DWARF for variables

Frocess 1 (263617 4 hip_bit_extract (4t Breakpoint 1) =

* There are limitations (ask AMD)

Stack Trace ..l Stack Frame
hit_extract_kernel. FP=E0000000000000((S [[Function "bit_extract_kernel{(512,1.13/(2665, 113" j
AsGlsDkl: 31112352
L ( ) C_dz 0x7fcc00ciii) - Oxbebebebe (32001
Support planned for ROcm 5'1 AFAIK A_dz 0x7fcc0l400000 -5 Q00000000 (03
b OrOO000000000F 4240 {LOOOMM0 Y
Block "#bl1":
. . . o . i 0x0000000000000082 (1303
[ ] - ( / / ) Local varisbles:
Built-in variables (block/thread idx/dim) can be cal var h0800000000000082 (1301
“,r stride: OxO000000000020000 (131072}
displayed and used in expressions
Functinymﬁmract_kernel in t=<_hip_hit_extract.cpp Rl |

__zlobal__ void bit ract_kernel{uint3Z_t+ C_d. const wint32_t= A_d. size_t M} {
zire_t offzet-< ‘thipBlockIdx_x * hipBlockDin_x + hipThreadIdx_x):2
de = hipBlockDinm_x * hipGridDin_=:

=ize_t =

{zize t i = offset: i < M: i += stride} {
&f __HIP_PLATFORM_HCC__ J
Cdlil o __bitextract_u32(A_dlil. 8. 4} /= STOP{in_kerneli: =/

#=lze /x defined __HIP_PLATFORM_MVCC__ or other path =/

Parameter and local d el = Tl e 000) B0 T crtract hemwel - 1o
. 48 3 File Edit Yiew Tools ‘Window Hel
variables o 3 S — —
50 [1-1 = EEIEEIL X3S
=] Expression: | (canst uint32_tj1000000] JA_d))  Address: | 0x7fcc01400000
Actian Points] Th[eads] __ Slice: [ [] Fifter. |
1.1 (Ox7foclddeddod / 2636 in Type: | const uintd2_t[1000000f
1::31 {0x7FooL 124070 543 T in = Value O
1.- @y T at © (0] 0x00000000 (0) 3
Data display
2 000000002 2)

7] 000000003 (3)
[] 000000004 (4)
5] 000000005 (5)
[6] 000000006 (8)
0x00000007 (7)
NO0NN0NE (&Y
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Debugging AMD GPUs with TotalView for AMD GPUs

* TotalView does not “officially” support AMD GPUs yet, but...
* “Unofficial” support is included in production versions of TotalView
» Official AMD GPU support coming later this year

e Enabled it using the “-rocm” flag, for example:

* totalview —-rocm a.out

* Latest TotalView 2022.2 version supports ROCm 5.1

totalview.io
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TotalView Remote Ul

* Combine the convenience of establishing a remote connection ¢ Secure communications

to a cluster and the ability to run the TotalView GUI locally. . .
Convenient saved sessions

* Front-end GUI architecture does not need to match back-end ) ]
Once connected, debug as normal with access to all TotalView

target architecture (macOS front-end -> Linux back-end) features

Remote System Front-end Node Batch Node

— tvdsvr

>, TotalView Ul ¢
@
® Debugger —
TotalView Ul “Client”

Compute Nodes

_ See it in action: https://totalview.io/video-tutorials/how-use-remote-user-interface-debugging
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Disconnect Backend Job Launch with Reverse Connect

» Start a debugging session using TotalView Reverse Connect.
* Reverse Connect enables the debugger to be submitted to a cluster and connected to the GUI once run.

* Enables running TotalView Ul on the front-end node and remotely
debug jobs executing on the compute nodes.

* Very easy to utilize, simply prefix job launch or application start
with “tvconnect” command.

#!/bin/bash
#SBATCH -J hybrid_fib

#SBATCH -n 2 Question

H#SBATCH -c 4 O ™ |
e following reverse connection request was found.
#S BATC H == m e m = pe r-C p U =4000 (1) localhost.localdomain mpirun -oversubscribe -np 4 mpi_prnmes_sort 1000

w U M_TH R EADS:4 Do you want to accept?
tvconnect sriun -n 2 --cpus-per-task=4 --mpi=pmix ./hybrid fib
C pus-p pi=pmix ./hybrid_ Pyelr T

32 | TotalView by Perforce © Perforce Software, Inc.
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ANL Connect Demo

* TotalView Reverse Connect Demo

* TotalView Remote Debugging Demo
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Reverse Debugging With TotalView

* Reverse debugging provides the ability for developers
to go back in execution history

* Activated either before program starts running or at
some point after execution begins.

e Capturing and deterministically replay execution.

* Enables stepping backwards and forward by
function, line, or instruction.

* Run backwards to breakpoints.

* Run backwards and stop when a variable changes
value.

* Saving recording files for later analysis
or collaboration.

L

Start Page *

common-main.c * ‘

restore_sigpipe_to_default(
sigset_t unblock;

sigemptyset(&unblock);
sigaddset(&unblock, SIGPIPE);

sigprocmask(SIG_UNBLOCK, &unblock,

signal (SIGPIPE, SIG_DFL);

main( argc, **argv)

32 )
34
36
38

40
a3

sanitize_stdfds();
git_setup_gettext();
git_extract_argv0O_path(argv[©]);
restore_sigpipe_to_default();

return cmd_main(argc, argv);

NULL);

See it in action: https://totalview.io/video-tutorials/reverse-debugging

35 | TotalView by Perforce © Perforce Software, Inc.
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Reverse Debugging Controls

Group (Control) ' [yl

/

Next forward over Step forward into Advance forward out Advance forward to
Run forward functions functions of function call selected line
Run backwards Next backwards Step backwards into Advance backwards to Advance backward to
over functions functions calling function selected line

Advance to “live” Create a bookmark at this Save the recorded
session point in recorded history session

-| = oy | |

ReplayEngine
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TotalView HPC Memory Debugging

e Easily find memory leaks and
other memory errors

* Understand heap usage

e Detect malloc/free new/delete
AP|l misuse

 Detect buffer overruns

e Understand where memory is
being used

 Remote and MPI debugging
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git - Process 1, Thread 1.1 (Breakpoint) - TotalView 2021

File Edit Group Process Thread Action Points Debug Window Help

% | ookupFileo. ® | duc Ipe StartPage ¥ | wrapperc % | commen-mainc ® | tv_heap_breakpointc ¥ Call Stack %
= = 26 ie( i & %"PRIUMAX’ € PRIUMAX]
= = P it
@ @ O ‘ =] = {uintmax_t)size, {uintmax_t)limit); IR & v
Description #P ¥ . @D  TV_HEAP notify_breakpoint_here
28 return o; Drag tab to detatch. Report may be placed side-by-side with source. % - oty Sl
git (S3) 1 30} .
@D | TV_HEAP_notity_tv
W Breakpoint 1 try_to_free_t try_to_free_routine(try_to_free_t routine) Process Bytes v Count Begin Address End Address g
a3 @ | TV_HEAP_notify_event
W Breakpoint 1 24 try to free t old = try to free routine; Process 1(5095): git  1157.18 KB 8959
35 (1routine) @  TV_HEAP_malloc_interposer_fini
TV_HEAP_notify_breakpoi... 1 38 routine = do_nothing; wrapper.c QIETIHKE &)
37 try_to_free routine = routine; TV_HEAP I fi
tv_heap_breakpoint c#59 1 i return old: xstrdup 201 6 had Ao LI
39
11 1 i Line 43 201 (3 —dI_fini
a2l strdup( str) xrealloc 332 6 __run_exit_handlers
43 *ret = strdup(str);
- (ret) § p(str) do_xmalloc  17.27 KB 133 | | exit
45 try_to_free_routine(strlen{str) + 1); [ ] i
46 ret = strdup(str); G handle_builtin
a7 (iret) Backrace
48 die H G un_argy
! ) ID A | Function Line # Source Information B
50 return ret; 183 €@  comd_main
51}
93 © main
*do_xnalloc(size_t size, gentle)
i M 92 libc_start_main
*ret;
- e
57 (memory limit check(size, gentle)) —
s8 return NULL; 38 Local Variables %
58 ret = malloc(size);
80 (Iret &g 1size) 36 Name Type | Value
61
[ Arguments
Action Points % | DataView * | Replay Bookmarks mand Line * | InputfOutput event T.. Ox7ff8LTTEA0 -> (TV_.

Linux xB6_64 Totalview 2021.1.16
Thread 1.1 has appeared

Created process 1 (5895), named "git"
Thread 1.1 has appeared
Thread 1.1 has exited

Thread 1.1 has reported a heap tracking event (see dheap f

or more information)
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Mixed Language Python Debugging

* Debugging one language is difficult enough.

python - Process 1, Thread 1.1 (Breakpoint) - TotalView for HPC 2017 - o x

File Edit Group Process Thread Action Points Bookmarks Debug Window Help

i Group (Control) I > e a i ReplayEngine
Processes & Threads * Start Page * | python.c * |tv_pylhun_e:arnple.cpp ® | test_python_to C.py * Call Stack * | Lookup File or Function *

* Understanding the flow of execution across
language barriers is hard.

.. . . . e e | == #1 /usr/bin/python —
* Examining and comparing data in both languages is — _
[ #P #T “ | Members def_callFacc(mt_arg}: @  fact
h II . e 1 q q import tv_py:tlhnnIexample as tp
on # Test
C a englng- o £ a =Eg some Jorats callFact
M Break.. 1 1 p1 b = mb
c = a+
fact 1 1 pl.l ch = "local string"” pySupportedTypes
pi = 3.14150
ALV 1 pli long var = 2.5 <module>

true_bool wvar = True
false_bool var = False libc_start_main
noType = None .

cx = complex(z,-1)

* What TotalView provides:

return tp.fact(a)

. . if _name == " main_':
* Easy python debugging session setup. S A - Tipe Vatie
print result rguments

* Fully integrated Python and C/C++ call stack.

int_arg int 00000000
tp module Ox7f9a2844
* ”Glue” layers between the languages removed. . i 0x0000000

* Easily examine and compare variables in Python

Action Points % | Command Line * | Logger * | Replay B x Data View
and C++.

15, g Type Stop Location Line MName Tvpe | Value

hd 1 IEITTE | Group | tv_python_example 6 [Add Mew Expression]

* Modest system requirements.

* Utilize reverse debugging and memory
debugging.

See it in action: https://totalview.io/video-tutorials/debugging-python-and-c-mixed-language-applications

40 | TotalView by Perforce © Perforce Software, Inc.

totalview.io



https://totalview.io/video-tutorials/debugging-python-and-c-mixed-language-applications

--lv-Fmd Tough‘B o b
Combing qu gm
TechnoLogl S




Combine Multiple Debugging Technologies

* Find where a mutex lock was acquired

 Combine reverse debugging and watchpoints

T * read( *temp) {
. FILE *file1;

* Run backwards until pthread_mutex_t __owner sl charscr: L

gg ;%Ei;g?li_ltex Lq-:([&'r_rrite_mutex);
Changes g; griilf;izl[‘open{ I I'.]l‘l -

38 str=( r *]ma'.l-;u:ij'.ﬁ-*:-ize-:f[

: : : 38| printrimn essage From file o pamve

* Mix source code debugging, reverse debugging and |. ..cue, &
. 43| pihreadmutex_unlock(aread mut [name L L
memory dEbUgglng : - — = read_mutex 12 (pthread_mutex_t)
ockmarks ¥ _ data 12 (struct __ pthread_mutex_s)
* Find memory allocations and leaks during your | e | ook 12 000000001 @)

Gl (TE] __count 12 0x00000000 (0)

debugging session

__owner 12 Ox00000000 (D)

* Use TotalView’s Remote Ul for efficient debugging
using all TotalView’s features from your laptop
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Attach and Detach from a Parallel Job

» Peek at the state of your parallel job

Session Editor x
. ’ o .
* Use TotalView’s attach and detach capabilities to 4 Attach o Runing Program(s)
examine the job and then let it continue to run Session Name
* Attaching to starter process enables TotalView to Processes
discover and attach to all (or a subset) of the ranks +ost (ST Qo >
PID Program
PID ﬁ File Name ﬁ
|53302 |'u Idevelop jopenmpifopenmpi-3.1.0/minforterun - Browse...
Debua Ontions =+
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Process/Thread Aggregation

@

. . Processes & Threads |
* Aggregate process and thread state to quickly understand the state of the job oo ® |[T =
Drescription #P #T %  Members

* Find outliers quickly ThreadWorkers (53) 11 .
B Breakpoint 1 1 pl5

* Views allow different configuration to be easily switched e o

d pl.

B Running 1 1 pl.1

=unknown address> 1 1 pll

11 1 1 pll
B Stopped 1 3 pl.2-4
__poll_nocancel 1 3 pl.z2-4

12 1 1 pl2

1.3 1 1 pl.3

14 1 1 pld

Select process or thread attnbutes to group by:

Control Group

+| Share Group

Haostname
Pracess State

| Thread State
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TotalView remote debugging on Linux and Mac OS

 Download and install TotalView on your linux or mac. (ignore license)

* /grand/ATRESC2022/EXAMPLES/track-6-tools/TotalView/

* www.totalview.io/downloads

Preferences

DISPLAY

ACTION
POINTS

* Copy /grand/ATRESC2022/EXAMPLES/track-6-

SEARCH

ii JWell ML

tools/TotalVlew/2022.labs.tar.gz to your area and untar it
* Run make to build examples. comECTIoNs

TOOL BAR

X
e Connect to remote front node from the terminal S

* Run labs remotely

46 | TotalView by Perforce © Perforce Software, Inc.

Remote Connections
Create a configuration to launch the TotalView debugger on a remote host.

Provide the necessary information to reach the host and the debugger.

Select a confi ion to edit: | Cooley-ANL ~ | or create a new configuration

Connection Name
Provide & name for your connection.

| Cooley-ANL

Remote Host(s)
Provide a comma separated list of SSH hosts in the form: user@hostl, usen@host2

| piskun@cooley.alcf.anl.gov

Private Key File

Specify an opticnal local private key (e.g. jpem or .ppk) file to use for the SSH connection.
T EY.per
TotalView Remote Installation Directory
Enter the path to the totalview executable or leave blank if totalview is in your path.
2020.3.0/bin
Remote Command(s)
Enter optional shell commands to execute or source a remote script before starting remote TotalView debugger

soft add +totalview

Delete Configuration

I n#

BROWSE...

APPLY CANCEL

totalview.io




TotalView is available on Theta, ThetaGPU and Cooley

* Installed at: /soft/debuggers/totalview-2022-08-04/toolworks/totalview.2022.2.13/bin/totalview

e Connect to Cooley (use soft add +totalview to setup * Connectto Theta (use module load totalview to setup Reverse

Reverse Connect) Connect)
* module swap PrgEnv-intel PrgEnv-cray ; module swap

* Get allocation first PrgEnv-cray PrgEnv-intel
* gsub -A ATPESC2022 —n 1 —q training -l e setenv CRAYPE_LINK_TYPE dynamic

e soft add +totalview

* totalview -args aprun —np <N> ./demoMpi_v2 (*) * Getallocation first
* qgsub -A ATPESC2022 —n 4 —q debug-flat-quad —I

* tvconnect aprun—np <N> ./demoMpi_v2 (*
P P / Pl ( ) * module load totalview totalview-support

* (*) Supposed to work © * totalview -args aprun—np <N> ./demoMpi_v2 (¥)

« tvconnect aprun—np <N> ./demoMpi_v2 (*)

* Connect to ThetaGPU (use module load totalview to setup Reverse Connect)

* Get allocation first
* qsub -A ATPESC2022 —n 1 —q single-gpu —I

e module load totalview
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Hands-on labs

* Remotely connect to machine and enable Reverse Connection
* Copy /grand/ATRESC2022/EXAMPLES/track-6-tools/TotalView/ATRESC2022-TV-labs.tar.gz
* Programs are in labs/programs/

Labs:
* Lab 1 Debugger Basic
* Lab 2 Viewing, Examining, Watching and Editing Data
* Optional Lab 3 Examining and Controlling a Parallel Application (on Cooley)
* Using remote connect (tvconnect)
* qsub —q training tvconnect.job

* Modify and submit tvconnect.job on your machine

Bonus lab: on thetaGPU: (ssh —y thetagpusn1)
* qsub-l-n1-t30-qsingle-gpu -A ATPESC2022
* /Jusr/local/cuda/bin/nvcc —g —G tx_cuda_matmul.cu —o tx_cuda_matmul

* /grand/ATRESC2022/EXAMPLES/track-6-tools/TotalView/toolworks/totalview.2022.2.13/bin/tvconnect tx_cuda_matmul
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Remote submission of batch job.

*  Submit job from TotalView (qsub
2022/labs/programs/tvconnect-thetaGPU.job)

* tvconnect-thetaGPU.job:
#!/bin/bash

#COBALT -t 30

#COBALT -n 4

#COBALT -q single-gpu
#COBALT -A ATPESC2022

module load totalview

tvconnect tx_cuda_matmul
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DISPLAY

ACTION
POINTS

SEARCH
PATH

PARALLEL

REMOTE
JNNECTIONS

TOOL BAR

LABS

Remote Connections
Create a configuration to launch the TotalView debugger on a

Provide the necessary information to reach the host and the debugger.

Select a configuration to edit | ThetaGPU - | or create a new configuration

Connection Name
Provide a name for your connection.

ThetaGPL

Remote Host(s)
Provide a comma separated list of S5H hosts in the form: usen@hostl, user@host2

piskun@theta.alcf.anl.gov, piskun@thetagpusnl

Private Key File

Specify an opticnal local private key (e.g. .pem or .ppk) file to use for the S5H connection.
athimy_key.per

TotalView Remote Installation Directory

Enter the path to the totalview executable or leave blank if totalview is in your path.

Igrand/projectsfATPESC 202 Z/EXAMPLE Sitrack-5-toolsiTotalView/toolworks/totahview 20222, 13/bin

Re

nter optional shell commands to execute or source a remote script before starting remote TotalView debu

gsub 2022/labs/programs/tvconnect-thetaGPLLjob
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TotalView Resources and Documentation

ene® < im] 0 i totalview.io ¢ Ot jl & =8
i TotaIVieW WebSite: PERFORCE Q Blog Company v Contact v

hd https ://tota lview.io °.:°:. TOta|VieW PRODUCTS&SOLUTIONS ~ RESOURCES ~ CUSTOMERS ~ SUPPORT
* TotalView documentation:

* https://help.totalview.io The Most Advanced

Debugger for HPC

* TOtZ-]lVIEW VldeO TUtOrIa|S. Debug HPC Applications Written in C, C++, Fortran, and Python

* https://totalview.io/support/video-tutorials
* Other Resources:

* Blog: https://totalview.io/blog Why Do Top HPC Developers Use
TotalView for Debugging Code?

You need special tools for multithreaded, multiprocess, and GPU-
specific applications. TotalView is a powerful debugging solution that

meets the unique and demanding requirements of HPC developers.

See why industry leaders use TotalView to get unprecedented HPC code

visibility and control.

SEE CASE STUDIES
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Summary

e Use of modern debugger saves you time.

* TotalView can help you because:
* |t's (the only debugger you ever need)
* Allow you to debug accelerators (GPU) and CPU in
* Allow you to debug (C++/Python/Fortran)
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TotalView Resources and Documentation

* TotalView website:
https://totalview.io

* TotalView documentation:

* https://help.totalview.io

* User Guides: Debugging, Memory Debugging and Reverse
Debugging

* Reference Guides: Using the CLI, Transformations, Running
TotalView

* Blog:
https://totalview.io/blog

e Video Tutorials:

https://totalview.io/support/video-tutorials
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Questions

* Any questions or comments?
* Don’t hesitate to reach out to me directly with any questions or comments!

e Email: npiskun@perforce.com

* Thank you for your time today!
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