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checkpointing
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Without checkpointing: With checkpointing:
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Without checkpointing: With checkpointing:
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Checkpointing:

'saving' a computation

so that it can be resumed later
(rather than started again)
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Why do we need
checkpointing
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Debug

Wait Checkpoint Crash
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Hardware crash

Wait Checkpoint Crash




Pre-emption
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Today Agenda

* How to checkpoint every iteration.
 Easy just setting the stage

e How to checkpoint on demand.
e Signal

* How to checkpoint every X minutes

* When you can not change the program
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Working with
checkpoint-restart-able software

Many scientific software have built-in checkpointing capabilities
(although it might not be called that way)

Check the documentation
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Demo #1

count.py
Save state at each iteration
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Using UNIX signals to reduce
overhead : do not save the state at
each iteration -- wait for the signal.
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UNIX processes can receive 'signals’
from the user, the OS, or another process

SIGHUP 1 lExit IHangup

SIGINT 2 [Exit IIntermpt

SIGQUIT 3 Core Quit

SIGILL 4 Core [llegal Instruction
SIGTRAP 5 Core Trace/Breakpoint Trap
SIGABRT 6 Core Abort

SIGEMT 7 Core [Emulation Trap
SIGFPE 8 Core Arithmetic Exception
SIGKILL 0 [Exit [Killed

SIGBUS 10 Core [Bus Error

SIGSEGV 11 Core Segmentation Fault
SIGSYS 12 Core [Bad System Call
SIGPIPE 13 [Exit [Broken Pipe
SIGALRM 14 [Exit Alarm Clock
SIGTERM 15 [Exit Terminated
SIGUSRI1 16 IExit [User Signal 1
SIGUSR2 17 [Exit [User Signal 2
SIGCHLD 18  [flgnore  [Child Status
SIGPWR 19 Ilgnore |Power Fail/Restart
SIGWINCH 20 Ilgnore Window Size Change
SIGURG 21 Ilgnore [Urgent Socket Condition
SIGPOLL 22 [Ignore Socket /O Possible
SIGSTOP 23 Stop Stopped (signal)
SIGTSTP 24 Stop Stopped (user)
SIGCONT 25 [lgnore Continued

SIGTTIN 26 Stop Stopped (tty input)
SIGTTOU 27 Stop Stopped (tty output)
SIGVTALRM P8  [Exit Virtual Timer Expired
SIGPROF 29 [Exit [Profiling Timer Expired
SIGXCPU 30 Core ICPU time limit exceeded
SIGXFSZ 31 Core [File size limit exceeded
SIGWAITING 2  [gnore All LWPs blocked
SIGLWP 33 Ilgnore Virtual Interprocessor Interrupt for Threads Library
SIGAIO 34 Ilgnore Asynchronous /O
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UNIX processes can receive 'signals’
from the user, the OS, or another process
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SIGHUP 1 lExit IHangup

SIGINT 2 [Exit IIntermpt

SIGQUIT 3 Core Quit

SIGILL 4 Core [llegal Instruction
SIGTRAP 5 Core Trace/Breakpoint Trap
SIGABRT 6 Core Abort

SIGEMT 7 Core [Emulation Trap
SIGFPE 8 Core Arithmetic Exception
SIGKILL 0 [Exit [Killed

SIGBUS 10 Core [Bus Error

SIGSEGV 11 Core Segmentation Fault
SIGSYS 12 Core [Bad System Call
SIGPIPE 13 [Exit [Broken Pipe
SIGALRM 14 [Exit Alarm Clock
SIGTERM 15 IExit Terminated

SIGUSRI1 16 IExit [User Signal 1
SIGUSR2 17 [Exit [User Signal 2
SIGCHLD 18  [lgnore  |Child Status
SIGPWR 19 Ilgnore |Power Fail/Restart
SIGWINCH 20 Ilgnore Window Size Change
SIGURG 21 IIgnore [Urgent Socket Condition
SIGPOLL 22 [Ignore Socket /O Possible
SIGSTOP 23 Stop Stopped (signal)
SIGTSTP 24 Stop Stopped (user)
SIGCONT 25 [lgnore Continued

SIGTTIN 26 Stop Stopped (tty input)
SIGTTOU 27 Stop Stopped (tty output)
SIGVTALRM  p8  [Exit Virtual Timer Expired
SIGPROF 29 [Exit [Profiling Timer Expired
SIGXCPU 30 Core ICPU time limit exceeded
SIGXFSZ 31 Core [File size limit exceeded
SIGWAITING 2  [gnore All LWPs blocked
SIGLWP 33 Ilgnore Virtual Interprocessor Interrupt for Threads Library
SIGAIO 34 Ilgnore Asynchronous /O
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Demo #2

count-signal.py
Catch control-C to save state
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Use Slurm signaling abilities to
manage checkpoint-able software in
Slurm scripts on the clusters.
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scancel is used to send signals to jobs

eNO 1. dfr@manneback (ssh) O |
SCANCEL(C1) Slurm components SCANCEL(1)

NAME
scancel - Used to signal jobs or job steps that are under the control
of Slurm.

SYNOPSIS
scancel [OPTIONS...] [job_id[_array_id][.step_id]]
[job_id[_array_id][.step_id]...]

DESCRIPTION

scancel 1is used to signal or cancel jobs, job arrays or job steps. An
arbitrary number of jobs or job steps may be signaled using job speci-
fication filters or a space separated list of specific job and/or job
step IDs. If the job ID of a job array is specified with an array ID
value then only that job array element will be cancelled. If the job
ID of a job array is specified without an array ID value then all job
array elements will be cancelled. A job or job step can only be sig-
naled by the owner of that job or user root. If an attempt is made by
an unauthorized user to signal a job or job step, an error message will
be printed and the job will not be signaled.

OPTIONS

scancel -s SIGINT JOBID
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--signal to have Slurm send signals automatically
before the end of the allocation

root@Im3-m001:~ (ssh)

AllowSpecResourcesUsage 1s enabled, the job will be allowed to override CoreSpecCount
and use the specialized resources oh nodes 1t is allocated. This option can not be
used with the --thread-spec option.

= [B:]<sig_num>[®<sig_time>]

When a Jjob 1s within sig_time seconds of its end time, send 1t the signal sig_num.
Due to the resolution of event handling by Slurm, the signal may be sent up to 60 sec-
onds earlier than specified. sig_num may either be a signal number or name (e.g. "1@"
or "USR1"). sig_time must have an integer value between @ and 65535. By default, no
signal 1s sent before the Jjob's end time. If a sig_num is specified without any
sig_time, the default time will be 60 seconds. Use the "B:" option to signal only the
batch shell, none of the other processes will be signaled. By default all job steps
will be signaled, but not the batch shell 1i1tself.

--sockets-per-node=<sockets>
Restrict node selection to nodes with at least the specified number of sockets. See
additional information under -B option above when task/affinity plugin 1s enabled.

--spread-job
Spread the job allocation over as many nodes as possible and attempt to evenly dis-
tribute tasks across the allocated nodes. This option disables +the topology/tree
plugin.

--sighal=B:SIGINT send signal to the bash script
--signal=SIGINT send signal to the srun command
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Note the --open-mode=append

root@im3-m001:~ (ssh)
File Edit Options Buffers Tools Sh-Script Help

l /bin/bash

#SBAT(H --job-name=test
#SBAT(H --output=test.signhal
#SBATCH --open-mode=append
#SBATCH --time=0-00:03:00
#SBATCH --s1gnal=SIGINT2c0
#SBAT(H --ntasks=1

#SBATCH --partition=debug

date
echo "restarted S$S{SLURM_RESTART_COUNT-@}"
module load Python/Z2.7.l4-foss-2017b

python --version
srun --overcommit -nl python ./count-signal.py

Note that we need the srun here
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Adding requeuing automatically

root@Im3-m001:~ (ssh) =

File Edit Options Buffers Tools Sh-Script Help

)
/A

itQ)

APPED"

scancel -s SIGINTISHL‘AW JOE
scontrol requeue $SLURM_JOE

date

\

srun overcommit -nl python /home/ucl/cp3/omatt/checkpointing/count.pll &
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Demo #3

slurm-signal-3.sh

Slurm send USR1 between 1 and 2 minutes
Bash catch the message send Ctrl-c to python
python: Catch control-C to save state
Automatic resubmission
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Making non restartable software
restartable with DMTCP
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NO code access

MPI
SLURM
Infiniband



BLCR Vs. CRIU Vs. DMTCP

* Disclaimer: this is our personal experience

Integration with Slurm -- YES
NO NO

Requires application modification

MPI applications - YES YES
Can checkpoint running YES YES™ library must be
application without preloading loaded

Overhead besides checkpoint NONE Init: sec. CPU:1-2%
CPU: 1-2%

Can checkpoint containers (Docker YES™*we have only

& LXD)? tested Docker, not LXD

Infiniband support N/A
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DMTCP mode

Start dmtcp
Coordinator

’ ___ DMTCP coordinator By
Actual Run
H NN

Wait

$> Module load DMTCP

$> dmtcp_launch XXX
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DMTCP mode

Mode #1: Snapchat every X second
Start dmtcp

Coordinator
'DMTCP coordinator Y

.y -~ ‘e &
o o g 3

Wait

R * Actual Run ' '

$> Module load DMTCP $> ./dmtcp_restart_script.sh

$> dmtcp_launch XXXX

$> dmtcp_command —checkpoint




DMTCP mode

Mode #2: Snapchat on request (trigger via signal)

Start dmtcp

Coordinator
'DMTCP coordinator k%

IR G-y
o o g 3

* Actual Run
HE NN _*

Wait
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Apply it for Slurm

sE T e iy
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<put dmtcp coordinator options here> start coordinator

cec/mpirun to launch an application, use the following

.

command

e
4+
e

$ dmtcp_launch --rm mpiexec <mpi-options> ./<app-binary> <app-options>

i+

If you use PMI1 to launch an application, use Tht?! f-ﬁl%ﬁ\'ulng command Line:

C

5 srun dmtcp_launch rm ./<app-binary> <app-options:

= I+

PMIZ 1s not supported vyet,
If you use the Stampede supercomputer at Texas Advanced Computing Center
l_l'_'_f, use 1brun <_r_n’nmunr:1 to lLaunch the (ZL.Z)C)I_'T_CltLIL?'r" (--rm 1s not required)

+

= =

n dmtcp_launch <app-binary> <app-opt

- -
ris rm'#,-ﬁfm

3+

L4 L
,Wﬁ/ﬂ”vﬁH,” ﬁu 7”»prvaupfﬁwwp

Normal job with
decorator

srun dmtcp_launch ¢-allow-file-overwritéy--rm python -u count-orig.py (10<&- 11>&-

lurm awar 39 i .
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Resubmit

start_coordinator -1 ‘.0' L 120 ... <put dmtcp « rdinator options here> Start COOFdinator

Script created by
previous run




Let’'s combine
everything

Use DMTCP with periodic check
add an additional checkpoint before wall time
Auto resubmit
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Solution

start_coordinator -1 10

F)Eari()(ji(: (:l\(;(:l(;)()ir]t AR
Checkpoint at walltime  [SISSSIII—-————————

[[ -e dmtcp_restart_script.sh && "S${SLURM_RESTART_COUNT}" != "" ]];

AutO'rQSmelt /bin/bash ./dmtcp_restart_script.sh -h $DMTCP_COORD_HOST -p $DMTCP_COORD_PORY &

srun dmtcp_launchi --allow-file-overwrite §-rm python -u count-orig.pfl 10<&- 11>&9 &

dmtcp_command checkpoint
sleep 2

! a
amtcp_command qult
claan 2
scontrol requeue $SLURM

.-
J

USR1




Demo #4

slurm_dmtcp_solution.sub
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Summary,
Wrap-up and
Conclusions.
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