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Motivation

* Motivation
— Tool support essential for program development
= Users expect tool support, especially in today’s complicated systems
= Question of productivity
— Users want portable tools across systems/implementations

 Currently not possible in OpenMP due to missing interfaces
— Tools must be OpenMP implementation specific
— Only alternative: show underlying system information only

2 OpenMP Tool Interfaces in OpenMP 5.0 iah me
ig

Joachim Protze
Performance
Computing



Two OpenMP Tools Interfaces

* OpenMP Tools Interface (OMPT)

— 1st party interface as integral part of the runtime system
— Combination of passive state tracking and active callbacks
— Mechanism to allow “clean” stack traces

* OpenMP Debug Interface (OMPD)

— 3" party interface for external debuggers
— Separate address space, but closely coupled with runtime
— Follows OMPT concepts and definitions

 Goal: inclusion into OpenMP 5.0 (reached with TR6)
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OMPT Architecture

@ Runtime initialization
OpenMP Program * OpenMP runtime searches for tool

* Runtime finished initialization
* Runtime allows the tool to initialize
15t Party Tool
_ (same process) @ o
S:I?t:ztce;s Querying further 9 Tool initialization
runtime information « Tool looks up OMPT functions with look-up
0 e * Tool registers callbacks for OpenMP events
ompt_start_tool OpenMP Callbacks on e Callback functions
ompt_initialize Runtime Library OpenMP events » Callbacks on OpenMP events
(RTL) « E.g., entering/exiting parallel, target,
worksharing, or synchronization regions
@ Querying further information
Application « OMPT functions to
Address Space and - investigate thread state
Threads * identify OpenMP runtime frames
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OMPD Architecture

OpenMP Program

Debugger

OMPD DLL

OMPD DLL loaded into
debugger and callbacks
registered

Request symbol
addresses and

OpenMP 0
Runtime Library Request
(RTL) OpenMP
state
Result e
o Attach
Application
Address Space and |~ Callback ops
Threads A
Request types

 Handles for threads, parallel regions, tasks
« Parent / child relationships
« State of handles (wait, work, idle)

Debugger
Address Space and
Threads

read memory

Callback functions

 Lookup symbols in the target process
» Read/write target address spaces
» Support for GPUs (coming soon)
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OMPD Use Case: OpenMP Stack Filtering

Fi /home/anb/srcioy-programs/openmp/iwashi-linlix_openmp_parallel_| Fi /home/anb/srcioy-programs/openmp/iwashi-linl/ix_openmp_parallel_

File Edit “iew Group Process Thread  Action Point Debug T File Edit “iew Group Process  Thread  Action Point Debug T
- . .
Group (Contral) /| @ II ib 5 ‘g g Group (Cortralj 7| @ ii [! Ib 5 ‘g Q
Go Halt Kill Restart| Mext Step Out Bun To Go Halt Kill Restart| Mext Step Out Run To
= Process 1 (38822): t<_openmp_para = Process 1 (38822): t<_openmp_para
Thread 1 (14050801 6441152 (F Thread 1 (140508016441152) (F
stack Trace L stack Trace L
breakpoint_h, FE=TEEfOb03hall & breakpoint_h, FE=TEE£fOb03hall | &
[C 1L h43 par_regiond_2_0, FE=Tff£9b03bLT0 L_h 43 par regionl_Z2_0, FE=Tfff9% 030070
__Fmp_irnwoEe_mictotask, h FP=T£f£9b03bbE0 h, FP=Tf£f0b03c090
__kmp_inwoke_task_fune, FP=T£ff9b03bck0 L_g B9 par_regionl_2_3, FP=Tf£f0b03c170
_ kmp_fork_call, FE=Tff£9b03khe10 . FE=Tfff9%03c5£0
[C++]  kmpc fork call, y = TEE£9h03LE40 L_f 105 par_regiond 2 5 FP=TfffOb03cEE0
C | h, FE= f. FE=Tfff%03cfal
[C] L g &9 par regiond 2 3, FP= 170 mairmn, FE=TE£££0RL03d4020
kmp 1nvoke microtask, ) FP=T£ff9b03c libc_start main, FP=Tfff0b03d0e0
[C++] _ kmp inwoke task fune, FP=TEffO9b03c230 ThN “start, FP=TfffOb03d0£0
" kmp fork call, f9h03c3e0
[C++] _ kmpc fork call, J FP=Tfff 1]
C | FE=TEf£9003cEE£0 T
[c] L £ 105 par regiond 2 G, FEP=TE££fOR03cBE0
__kmp_inwoke microtask, ) FP=T£f£9b03c050
[C++] _ kmp inwoke task fune, =T £abO =0t
__kmp_fork_call, FE=T£E££9b03chT0
[C++] _ kmpe fork call, J FP=TEff9h03ccal
C | £, FE=Tff£%b03cfal
main, FE=T£E££9b03d020
__likc_start_main, FP=T£f£9b03d0e0
_start, FE=T£££9b03d0£0 | a
/| /|

OpenMP Tool Interfaces in OpenMP 5.0

Joachim Protze

High
Performance
Computing



OMPD Use Cases: Linking master/worker threads

F 4 /home/anbisrcfioy-programs/openmpliwashi-linlix_openmp_parallel_nesled <@haswell> :::

File Edit “iew Group Process Thread Action Foint Debug  Tools  ‘Window

Group (Control) _f| D II - ib 5’ ‘g Q

Go Halt Kill Restart| Mext Step Out Hun Ti
= Progess 18735 t<_openmp_parallel_nested (Mixed

i Thread 7 4032626736243 (At Breakpoint 1
Stack Trace : Stack Frarme
brezkpoint h, FE=Tfal4282b3a0 |5 || Function "breakpoint h": &
h, FP=Tfal4282hdf0 £ id: 0x00000001 (1) 1
h, FE=Tfa04252bd10 g_id: 0x00000001 (1)
g B9 par regionl 2 3, FP=Tfal4232h: h id: 0x00000000 (0}
( -" g)thread 1.3) ¥ 4 '/home/anbisrcfioy-programs/openmpliwashi-linlfix_openmp_parallel_nesled <@haswell> “AE 5
File Edit “iew Group Process Thread Action Foint Debug  Tools  ‘Window Help
- . p po :
Group (Control) _f| D II - ib 5’ ‘g Q ‘ § % §
Go Halt Kill Restart|Mext Step Out Run To| Record GoBack Prew UnStep Caller BackTo Live Save
=== 5795): t<_openmp_parallel_nested (Mixed) E=S==========
i(Thread 3D4D3253D415552D) (&t Breakpoint 1)
Stack Trace o ] stack Frame
brezkpoint b, FE=Tfald382eel20 |5 ||Function "g": &
L_h 43 par region0 2 0, FP=Tfa04332ef £ id: 0x00000001 (1) 1
h, FP=Tfa04382£490 nthreads: 0x00000004 {4}
L g B9 par regiond 2 3, FP=Tfa04382f! Local wariables:
. FP=Tfa04382£9f0 remainder 000000001 (1)
L_f 105 par regionl 2 5, FP=Tfal438%21 1d {%rax) 0x00000001 (1)
wmap £ (thread 1.1)
Registers for the frame:
graz: Ox00000001 (1)
= ¥rdx=: 0x00000000 {0
f ‘:L,En-..-. nfnnnnnnnn El‘l! _ll—
Function g in t<_openmp_parallel_nested.c =1 B
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OMPD Use Case: Stepping into OpenMP Regions

« OMPD provides information on where task execution starts:

— This will enable to single step into task execution:

= Program execution is paused before task scheduling point (task/taskwait/barrier)
= Click on single-step could jump to start of next executed task

#pragma omp parallel

{

#pragma omp master

{

a++;
#pragma

{ a++;
#pragma

{ b++;
C++;
#tpragma
}

omp task shared(a,b)
b++; }
omp task shared(b,c)
C++; }

omp taskwait

sleep(20); // emulate load

}
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Stack trace views: serial code

main -
_fiE,(S) . fib(2) <% fib(0)
- fib(4) K
| - L0 fib(2)
int fib(int i){ - - -»fib(3)
if i<=1 return 1; -—-fib(2) > fib(1)
int a,b; \ < fib(0)
fib fib(3)
= fj i-1); -——— v fi
? 7 e b))
b = fib(i-2); - fib(1) ib(0)
return a+b; '
} \ 4
int main(){ v
int result; gdb>.backtr*ace
#0 fib(1)
result = fib(5); #1 fib(2)
return result; #2 fib(3)
} #3 fib(4)
#4 fib(5)
#5
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Stack trace views:

OpenMP tasks

int fib(int i){

}

}

if i<=1 return 1;

int a,b;

#pragma omp task shared(a)
a = fib(i-1);

#pragma omp task shared(b)
b = fib(i-2);

#pragma omp taskwait

return a+b;

main
| . fib(1)
[ ---dﬂKB}"wal)
- -fIb(2) > fib(1)
< fib(0)

i”?nﬁaigi)it Ml cdb> backtrace
i ult; .
#pragma omp parallel sections #0 'Flb(Z)
result = fib(5); #1 fib(5)
return result; #2 maj_n()
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Stack trace views: OpenMP tasks

main
: v fib(1)
fib(5) : Rl
o fiba) /ﬂb(Z) fib(0)
1---- _ Jib(1)
int fib(int 1){ ---fib(3) -
if i<=1 return 1; ——-fib(2) » fib(1)
int a,b; R fib(0)

#pragma omp task shared(a)
a = fib(i-1);

#pragma omp task shared(b)
b = fib(i-2);

#pragma omp taskwait

return a+b;

}
int main() Ml cdb> omp backtrace
int result; .
#pragma omp parallel sections #0 'Flb(l)@@
result = fib(5); #1 fib(3)@1
return result; #2 'Fib(4)@1

} #3 fib(5)@0
#4 main()@o
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Implementation Status

Implementation of OMPT for host available in LLVM/OpenMP master

— Patches applied just recently
— Implementation matches OpenMP TR6 specification

Implementation of OMPT is available in IBM OpenMP runtime
— compatible with the ,TR4"“-patch in LLVM/OpenMP

Implementation of OMPT for target is work in progress

Implementation of OMPD for host/device is/will be available shortly:
— https://github.com/OpenMPToolsInterface/
— We have plans to upstream these efforts as well
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https://github.com/OpenMPToolsInterface/

Thank you for your attention.
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