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Bulk-Synchronous Processing (BSP)

AModel and simulate real worl
—Mol ecul arddgMB mi cs (

—Weather Prediction (WRF)

—Cosmol ogy Simulation (Enzo)

—Fl ui d Dynamics

—Earthquake Simulati on

AHi ghly scal able parallel app
—Runs on the | argest machines
—Can run for weeks

—Very high probability of encount
—Commonly wuses Checkpoint Restart

Fadlotl er ancX®y nfcohrr o-Buduks appl i c
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AULFM (User Level Failure Mitigation)
— AnEvaluation of Usekevel Failure Mitigation Support MPI, Bland
et al,Computing 1 3
AFenix (Local Recovery)
— ExploringAutomatic, Online Failure Recovery for Scientific
Applications at Extrem8calesGamelet al , SC ‘ 14

AReinit(Global Recovery)

— A Global Exception Fault Tolerance Model for.M&funa et al,
ExaMPl 1 4
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Is ULFM Suitable for BSP Applications?

AFai l ure Detection Masterslave
—Checking return codes i s | rusi
—Can be automated using PMP
—Prevents using other tool d |
—Errors can be detected f a m

caused 1t
Some may

rol |l back

ALi bBanaye
—Application may not c o n tBplkgsynchrpnpup r
—Difficult to shrink and “ oy“e

AAl gori thmic Requireme

—Many problems are | mposs Hmp
recompose to arbitrary n o Oneofn
—Wor kl oad of f aidiedt rpirbou:teesc'izlsro UpS &«
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What about Fenix?

A Uses ULFM to detect and 100
. 90 v B FRITIIRTPPRIE
propagate failures g b E E;E‘ﬁ
. {0 ) rink oo
— Comm_Agree/Revoke/Shrink <N i
ER: ] SEERTT TIPSR PP IR PP
A Spawn and rewire replacement ; ol
process using MPl_Comm_spawn = 2}
1O frovemme

— Expensive at scale 796 32 64 128 256 512 1K 2K

Number of Processes

* Uses C/R to restore applications Breakdown of time taken by different
State steps to initialize MPI in MVAPICH2

* Inherits the drawbacks from both
approaches

Can Reinit enable faster recovery for BSP applications?
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typedef enum {NEW, RESTARTED, ADDED}
MPI_Start_state;
typedef void (*MPI_Restart_point)
(int argc, char #**argv, MPI_Start_state state);
int MPI_Reinit(int argc, char #**argv,
const MPI_Restart_point point);

[ [3Fkrsicorkokrxkokkekk Application *skkkskkkskkokkkksokkokkx/ /

// Real main method of the application

void resilient_main(int argc, char =**xargv,
MPI_Start_state start_state)

{

// Check if the world size is acceptable; abort otherwise
// Find what process died, and recover based on that

// Load checkpoint if necessary

// Enter main computation loop (at appropriate step)

1

int main(int argc, char #**argv)

{
MPI_Init(&argc, &argv);
// This is where the resilient MPI program starts
MPI_Reinit (argc, argv, resilient_main);
MPI_Finalize () ;
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Execution Flow irReinit

Process 0 Process 1 Process 2 Process 3
state=New state=New state=New state=New
‘Of_band oY (D (P ——— = = - -
(é \ureN“_“_C?‘.‘Q fe---oTIZZEEARECIICES X
= o7 -7 & Restart
5 Finalize Finalize Finalize Wait for others
El Initialize Initialize Initialize Initialize
=
\\’4 \ 4 \ 4 \\ "4
state= State= state= State=
Restarted Restarted Restarted Added
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A Fault Tolerance mechanism must provide:

a Failure Detection

Fault Tolerance
Primitives

a Failure Propagation / Notification

e Recovery

Which part of the system should
provide these functionalities?
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Software Stack in Current Approaches

Software Stack in Our Approach

High level Application

Middl e | eveMP I

( Consensus / Agreeme{vﬁD
re» re->6 - o

*Process failure
dorve Aoam of

*Recoverfyai(ineocdeey sr W pr d

detect [\I_HH_Q

groantsenslus. |

High level Application
Mi ddl e | evel MPI
Low Resource Manager / Runti me

level

+b2RS TleAfedzNR d by pal

NodPer ocess.

*Recoveavglves finding
€53 eplacement node (do

Node
Process

|
t:o

i mpl ement wiotfhodwetveduppbd
!

» Process failureletected locally by Node
Process.

]
may ©i o

L@y Resource Manager / Runtime

| evel

A Key observations:
— MPI libraries have difficulty distinguishing different types of failures and
recovering from them
— Resource managers have a more global view, offers more flexibility for recovery

« Failure propagation involve'’s REFYEMHRHMRS SN 3R BIREESSther node

processes.

A EReinifprovides a scalable, higterformance FT solution by
placing Faultolerance primitives in the Resource Manager
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Scenario: Process Failure
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1. srundetects node failure
(no response fronslurmd)

2. Find replacement node

m (preallocatedor on-

demand)

m m 3. Broadcast notification to
slurmds(includes info

about replacement node)

MPI MPI MPI MP]

4. Launch replacement
processes

5. Send signal to processes
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Process Failure Node Failure

A Local Resource Manager daemon A Controller érun) allocates
spawns replacement MPI process replacement node

A New MPI process determines its A Can be preallocated, taken from a
state (ADDED) using environment  spare pool, or selected etlemand

variables ) B
A All slurmdsnotified of replacement

A Fetches the connection information o |
about other processes using PMI A Survivingslurmdsnotity local

(cached at locgblurmd Processes
A Publishes the new connection A Slurmdon replacement node
information through PMI Spawns new processes

A Recovery similar to process failure
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MPI LibraryReinitialization

Failure

Signal Han‘dly

Long-jump to recovery code

l

Barrier (using PMI)

l

Finalize (similar to MPI1_Finalize)

l

Initialization (similar to MPI_Init)

1.

2

3

4 .

|l nvoke Recover
regi stenaedtdur

P MI barri er | S
al | survi vor s

—( Repl acement pro
extra barrier)

Il nter nal stat e
Finall ze

|l ni ti ali zati on
regMPar | ni t
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Is Multiple Init + Finalize Good Enough?

AReianliltows part

4 , firnali zati on a
35 E Eﬂgrlwgr(ftha: ggtralicm """""""""" s .
R B ohar TR 4 AAvoi d redundan
st ol ] expensive step
% s e m mEEmmmm —Close/ Reopen HC
£ 0; —Der eil Retgerster N
0

16 32 64 128 256 512 1K 2K 4K AReduceS P MI e X

Number of Processes
—Only repl acemen
broadcast new I

—Fetch 1 nfor mat.
| os&alur md

Breakdown of time taken by different
steps to initialize MPI in MVAPICH2
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Experimental Setup

Al , 2n96d e cll,ulslb8mpu¢ & nodes

A2x | nt ebl2 6XCBPOLW&(BEr es per node)
AQLobnti ni BaAGp YD, R Gi gabi t Et
AMV A P 2-Z.BI2 SUORNMS8. 1
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Single Process Failure Multiple Process Failure
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« EReinit shows good scalability

* Avoids Shrink/Spawn and reduces PMI exchange cost

* Recovery time at 4,096 processes (256 nodes) is 2.25 seconds

« Gracefully handles multi-process failures

o —
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Single Node Failure
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* Publicly available version of ULFM was
not able to recover from node failure
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« Baseline: Job Restart + Read Checkpoint from Parallel File System

« EReinit + PVFS benefits from faster recovery time (up to 25% faster)

* EReinit enables loading in-memory checkpoints from surviving nodes

« EReinit + In-Mem significantly reduces the load on PVFS (up to 4x faster)

See paper for more application results!
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A GlobalRestart model can simplify recovery of BSP applications

A EReinifproposes a calesign between Resource Manager and

MPI library to achieve better scalability and performance

— Efficacy of proposed designs demonstrated experimentally
- Fast recovery at large scale
« Scalable handling of multiple process failures

— Enables efficient checkpoHnéstart schemes for applications
« In-memory checkpoints can reduce load on parallel file systems

A More work in progress on efficiegheckpointingterative
applications
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Questions?

B Lawrence Livermore
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