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Nondeterminism in HPC Applications Our Workflow for Capturing Nondeterminism Motifs
 Nondeterminism (ND) is increasingly embraced for scalability

Step 1: Collect Traces from Multiple Runs —

Concurrency Concurrency

Example event record: isend signature and call stack
isend, idx=2, dst=2, cnt=59, tag=2010

* Use MPI profiling API (PMPI)  Run 1 —

" |ntercepts all send-initiation
and receive-completion

Towards Exascale

—

Asynchrony

©x2aaaabl50ea2: (MPI_Isend+0xbf)

Ox42ccO5: (Buffered MPI Send::send((..)+0x85)

Ox42c@ad: (Nonblocking Sync::send finished internal(..)+0x5d)
0x41028b: (IMC::advancePhotonListDD(...)+0x8eb)

Asynchrony

P M PI Wra p pe r function Ca”S Ox4105cl: (IMC::advance(..)+0x81)
Determinism Determinism ' - Logs each function call giig§;22%6%;:§;+éigg:3para11e1+@x3f)
* Nondeterminism can lead to numerical and debugging side- : : : Run n — 7b35: (11 -
gg 8 Side . d d ©x2aaaad6a7b35: (__libc_start _main+0xf5)
e . MPI librar signature and its associate D ey
effects for applications moving towards exascale y call stack =

Run 3

DTSSR IS step 2: Detect Nondeterministic Events
[55, 2, 3360] [55, 2, 3360] [55, 2, 3360]

Recv °* MPI_ANY_SOURCE  Numerical irreproducibility * |dentify deterministic 55, 1, 32401  [55, 1, 3240] [55, 1, 32481 | o ()nlv nondeterministic events’
side  * Nonblocking receives * Intermittent, scale-based bugs [1] oiol-add L 381,040 s l._840) Y
: * Collect sequences of sequences and (6502, 1, 11| [[6502, 1, 11| [l6502, 1, 1] call stacks are passed on to
o ) o . 1 .o . . e [6502, 2, 1] [6502, 2, 1] [6502, 2, 1]
Send * Nondeterministic receive- ¢ Incompatibility with tools and events from each run bt rin 2 run i nondeterministic| sequences [7294, 1, 1] [7294, 1, 1] [7294, 1, 1] next step

- . . [7294. 2. 1] (7294, 2, 1] (7294, 2, 1]
side iepgndsnt ser(;ldst } zrcitocqls.that;s;ume sender » Separate sequence ‘ ’ - Example: We identify L] 1]
iming-dependent sends eterminism [2][3] into send-initiation FUN-to-run variations in

: 79] 79] [55: 1: 91 { ND_event_1: callstack(ND_event_1),
. . . ’ iggg} 1228% {gg' ;' égg?] ND_ event 2: callstack(ND_event_2),
* Tools like PRUNERS[4] try to control some of the side-effects BUT events and receive- sequences of MPI_Isend calls j 240] 5507, T,
an automatic identification of ND sources is missing completion events ([tag, dest, count] ) e B A ND_event_k: callstack(ND_event_k) }
» Developers are forced to characterize ND by doing many runs . S . 0202, 2, 4] Uzos, 4,41 7es, 2 L
with different printf debugging operations Step 3: Associate Nondeterministic Events with Call-stacks
* Reduce ND events into a : .
| Our Proposed Approach o lor set of call stack Example: MCB rank 0 oo Map elements in
* Identify and analyze representative nondeterminism Smaller Set of call stacks sender nondeterminism advance call stack to source
snippets (small regions of source code) * Map each call stack to — IMC_namespace: code snippets —
. N . snippet (small regions of {D-event.: calstacc iD_event_ IMC<..>: on photon fist  [9e)
* Build a classification system of ND patterns or motifs ND_event_2: callstack(ND_event_2), advancePhotonListDD - L L Jidates for furth
source COde) aac_source_photons| ... J { [n. s.”:.}..-.l- '! .iv.'..[;. ' Can | ates or Urt er
associated to these snippets to enable systematic co ntrol + Isolate source of ND by ND_event_k: callstack(ND_event_k) } | IMC_namespace:: | analysis identified
- . Source_data_base<...>:: - - — - char® data = reinterpret_castgenar>(s . )
of nondeterminism’s side-effects - - : get_external_source_photons i ko, lint acaphy without exhaustive
inspecting variables and dentify a single call o,
From monolithic view of an applications d 0 eni C o IMC_namespace:: 08 lldsend_arices) Number of fterations |~ |} gearch of code base
. . ata StrUCtureS IN Sn|ppEtS | is controlling number  frworldcommfinicatorf
HPC App||cat|0n .« r- StaCk reSUIt|ng N a” Buffered_MPI_Send:: | of messages sent
* Limited ability to reason about ND for local datafl VS| -
or local dataflow analysis send
* Hard to debug and tools may not work nondeterministic sends
& : : —_— Results ParaDiS MCB
To a motif-based view of the application e Workflow lied to tw lications: Fraction of ND Sends % ND Sends per Call Stack Fraction of ND Sends % ND Sends per Call Stack FUtU re WO_rk
orkflow applied to two applications
e Can reason about and debug effects of o , * Expand extraction of snippets for
.. , " ParaDiS (with and without load- . . DL
each nondeterministic motif (NDM) . 11 different 2 different nondeterministic exascale codes
. . . balanci ng) ParaDiS call-stacks call-stacks .
* Know in advance which debugging tools = Monte Carlo Benchmark (MCB) with (999, identified . identified 0 . Annf)tate exascale workflov.vs.\./wth
NDM 3 will work * Metrics for quantifying Load 897% w m—) | 97.67% motifs to support reproducibility

* Use knowledge to mitigate runtime
nondeterminism side-effects
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